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AN ABSTRACT OF THE DISSERTATION OF 
CHARLES WAYNE ANDERSON, for the Doctor of Philosophy degree in Zoology, 
presented on June 28th, 2010, at Southern Illinois University Carbondale. 
 
TITLE:  Ecology and management of white-tailed deer in an agricultural landscape:  
Analyses of hunter efficiency, survey methods, and ecology  
 
MAJOR PROFESSOR:  Clayton K. Nielsen 
  
Current research is necessary to focus management of white-tailed deer 
(Odocoileus virginianus) in the agricultural Midwest, especially given the novel presence 
of chronic wasting disease in the region.  My objectives were to: 1) examine the potential 
effects of weather and row-crop harvest on daily harvest of white-tailed deer by archery, 
and individual hunter variables (e.g., age, weapon preference, preference of hunting 
method) on individual hunter efficiency and success in 2 regions of Illinois (i.e., east-
central and southern Illinois); 2) estimate white-tailed deer densities using direct (i.e., 
spotlighting deer from road transects) and indirect (i.e., counting pellet groups on 
randomly-placed transects) techniques across 3 study areas in the midwestern U.S.; 3) 
quantify sex, age, and season-specific survival and dispersal rates of white-tailed deer in 
east-central Illinois; and 4) assess habitat selection of white-tailed deer during the 
summer months in east-central Illinois.  Knowledge of factors affecting hunter efficiency 
and success is vital given current trends in hunter attitudes and behaviors that are leading 
to a reduction in the efficacy of white-tailed deer hunting as a population management 
tool nationwide.  Numerous techniques of density estimation for white-tailed deer have 
been developed, including aerial surveys, mark-recapture or resight methods, pellet 
counts, and thermal infrared imaging surveys.  Distance sampling has shown great 
potential for estimating white-tailed deer density at a reduced cost relative to traditional 
 ii 
 
survey techniques and may be useful within the agriculturally-dominated Midwest.  
Survival and dispersal rates are pertinent model parameters when examining chronic 
wasting disease (CWD) geographic spread.  Structural changes in agricultural landscapes 
are frequent (i.e., temporally) and ecologically abrupt (i.e., spatially) due to crop harvest 
and rotation and human development.  Providing sex-specific data on site selection would 
benefit agencies and private land owners by allowing compartmental focus for selective 
management strategies for either male or female white-tailed deer.     
Following the 2006 hunting season, I queried white-tailed deer hunters regarding 
factors potentially affecting hunter efficiency and success in east-central and southern 
Illinois using a mail-in survey (n = 2,000).  I also examined the influence of weather and 
row-crop harvest progress on daily harvest of white-tailed deer by archery hunting.  
Hunter efficiency (  ± SE= 0.12 ± 0.01 deer/day) and hunter success (range = 1.25-1.39 
deer/hunter) were similar between study areas.  No relationship (r2 <0.01) was detected 
between respondent age and hunter efficiency, but had a weak influence (r2 = 0.006) on 
hunter success.   Respondents that preferred shotguns, used 1 weapon, and those that 
preferred still hunting had 62%, 58%, and 52%, respectively, greater (P ≤ 0.001) mean 
hunter efficiency than those in the lowest group within their particular categories.  There 
was no apparent difference (P ≥ 0.087) in hunter efficiency across categories of area 
familiarity, number of hunting methods used, and scouting hours, or categories related to 
access and use of reconnaissance tools. 
Respondents that had ≥11 years of area familiarity, preferred archery hunting, 
used ≥ 3 weapons, used ≥3 hunting methods, scouted ≥30 hours, and preferred tree stands 
had 51%, 45%, 62%, 35%, 61% and 41%, respectively, greater (P ≤ 0.001) mean hunter 
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success than those in the lowest group within their particular categories.  Access and use 
of GIS did not appear to affect (P = 0.376) hunter success.  Respondents that had access 
and used topographic maps, aerial or satellite photographs, or GPS had 35%, 34%, and 
29% greater (P ≤ 0.049), respectively, hunter success than those in the lowest group 
within their particular categories. 
Crop harvest progress did not (P = 0.780) appear to affect daily harvest of white-
tailed deer by archery hunting.  Three models of weather impacts on daily harvest of 
white-tailed deer by archery hunting had AICc <2.  The most parsimonious models’ 
covariates were MaxWSP, MSLP, and WDSP1, with MaxWSP (β = -0.005) having a 
negative influence and MSLP (β = 0.00007) and WDSP1 (β = 0.006) having a positive 
influence on daily harvest of white-tailed deer by archery.   
I compared direct- and indirect distance sampling techniques for estimating white-
tailed deer densities on study areas in east-central Illinois (ECI), southern Illinois (SI, 
2007 only), and northern lower peninsula of Michigan (MI) during winter 2007-08.  
Density estimates obtained via indirect distance sampling for MI, ECI, and SI were 6.1-
12.7, 11.2-15.8, and 15.4 deer/km2, respectively.  Density estimates obtained via direct 
distance sampling for MI, ECI, and SI were 18.3-25.2, 14.4-18.1, and 19.0 deer/km2, 
respectively. Upon examining confidence interval (CI) overlap between direct- and 
indirect distance sampling techniques by year and study area, only the MI study had non-
overlapping CI values.   
An examination of sites used by deer in summer and quantification of their 
survival and dispersal rates were conducted in east-central Illinois.  From December 2005 
to September 2009, I monitored 105 white-tailed deer for 35,478 radiodays for survival 
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and dispersal analysis.  I used Program MARK to estimate rates of annual survival, 
seasonal survival, and dispersal for fawns, yearlings, and adults.  I measured habitat 
variables at sites used by white-tailed deer in summer and random locations in east-
central Illinois, examining potential differences in site selection by sex and at multiple 
scales.  Male and female full-season (winter/spring [16 Dec–14 May], summer [15 May-
30 Sep], fall/winter [1 Oct–15 Dec]) survival rate ranged from 0.56 to 0.95 and 0.84 to 
0.95, respectively.   Male survival was lower than that of females during the fall/winter 
season for a model not accounting for overdispersion.  Averaging across parsimonious 
models, the dispersal rate for yearling and fawn males and yearling and fawn females 
were 0.44 ± 0.07 and 0.41 ± 0.07, respectively.  Adult male dispersal rate was 0.46 ± 0.15 
and no adult females dispersed.   
Slight differences were observed in habitat variables at sites used by male and 
female white-tailed deer, but hypotheses of sexual segregation between the sexes were 
not supported.  Males were never observed in developed landcover.  Sex differences in 
the use of developed landcover approached significance with females using sites with that 
landcover 131% more than males;  they also used sites with 87% higher patch density of 
wetland landcover than males.   Based on the best-fit AIC model, overall (i.e., both males 
and females) site selection of white-tailed deer was influenced by patch density of 
agriculture landcover, percentage of fallow field landcover, disjunct core area of the 
landscape, upper visual obstruction, and percentage of shrubs.  Increases in upper visual 
obstruction and percent of shrub increased the likelihood of a site being selected.  
Decreases in patch density of agriculture landcover, percentage of fallow field landcover, 
and disjunct core area of the landscape increased the likelihood of a site being selected.  
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This study provides updated information regarding white-tailed deer 
demographics, habitat use, survey methods, and hunter behavior to white-tailed deer 
managers in the Midwest.  The data produced from mail-in surveys may provide 
knowledge of influences on hunter efficiency and success that may be used to manipulate 
deer harvest under a declining number of hunters in the U.S.  Consistent estimates of 
density between indirect- and direct distance sampling shows utility for use of direct 
distance sampling within agriculturally-dominated regions of the Midwest.  Fine-scale 
management by private landowners may benefit from my data by demonstrating a 
preference for a particular landscape signature by deer during the summer.    
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PREFACE 
 This dissertation is divided into 4 self-contained chapters, which are written as 
research papers meant for separate submission to scientific journals.  Chapter 1, titled 
“Factors affecting white-tailed deer hunter efficiency and success in Illinois,” is written 
with the intent of submitting to Human Dimensions of Wildlife.  Chapter 2, titled 
“Comparison of two distance sampling techniques for estimating white-tailed deer 
density,” is written with the intent of submitting to the Journal of Wildlife Management.  
Chapter 3, titled “White-tailed deer survival and dispersal in an agricultural landscape,” is 
written with the intent of submitting to The American Midland Naturalist.  Chapter 4, 
titled “Summer habitat selection by white-tailed deer in an agricultural landscape,” is 
written with the intent of submitting to the Journal of Mammalogy. 
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CHAPTER 1: FACTORS AFFECTING WHITE-TAILED DEER HUNTER 
EFFICIENCY AND SUCCESS IN ILLINOIS 
 
INTRODUCTION 
Hunter harvest may become inadequate as a large-scale deer management 
technique because of precipitous declines in the number of hunters (Brown et al. 2000, 
Responsive Management/National Shooting Sports Foundation 2008) concomitant with 
increasing populations of white-tailed deer (Odocoileus virginianus) in the U.S.  
Additionally, current trends in hunter attitudes and behaviors are leading to a reduction in 
the efficacy of white-tailed deer hunting as a population management tool nationwide 
(Stedman et al. 2008).  Management agencies recognize these challenges and have 
implemented numerous strategies to counter them, such as hunter recruitment and 
retention programs (North Carolina Wildlife Resources Commission [NCWRC] 2005, 
Kansas Department of Wildlife and Parks [KDWP] 2009, Minnesota Department of 
Natural Resources [MDNR] 2009).   
Several factors can influence the number of white-tailed deer harvested in a given 
hunting season.  Daily harvest of white-tailed deer by firearms generally declines as the 
hunting season progresses (Roseberry and Klimstra 1974, Hansen et al. 1986), perhaps 
due to deer wariness (Behrend and Lubeck 1968, Grau and Grau 1980) or hunters using 
their allotment of permit(s).  At the county level in Illinois, white-tailed deer vulnerability 
to harvest decreases as the proportion of forest landcover increases (Foster et al. 1997).  
Annual harvest of white-tailed deer by firearms increases with an early row-crop harvest, 
higher deer numbers, and a severe previous winter (Hansen et al. 1986).   
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Although factors other than habitat, crop-harvest progress, and weather likely 
affect white-tailed deer hunter efficiency (Stedman et al. 2004), little research has 
focused on how a hunter’s field and preparation activities may affect harvest.  
Furthermore, previous work has not examined individual hunter efficiency (i.e., white-
tailed deer harvested by an individual per day spent hunting), but have rather focused on 
county-level analyses only (Foster et al. 1997).  The strength of the analysis of individual 
hunters, rather than county-wide estimates of hunter efficiency, is that the former 
provides greater detail on what affects the contribution of individual hunters to white-
tailed deer harvest.  Understanding such influences may allow managers to increase 
white-tailed-deer harvest despite concerns about declining hunter numbers. My objectives 
were to examine the potential effects of weather and row-crop harvest on daily harvest of 
white-tailed deer by archery, and individual hunter variables (e.g., age, weapon 
preference, preference of hunting method) on individual hunter efficiency and success in 
2 regions of Illinois (i.e., east-central and southern Illinois).  
 
STUDY AREA 
I surveyed white-tailed deer hunters residing in east-central (Dewitt, Macon, 
Moultrie, Piatt, and Shelby counties) and southern (Franklin, Jackson, Perry, Randolph, 
and Williamson counties) regions of Illinois. These regions were selected based on 
differences in land cover thought to potentially affect hunters:  east-central Illinois 
contained 6.0% forest cover and 80.5% agricultural cover, whereas southern Illinois 
contained 19.3% forest cover and 38.9% agricultural cover (Illinois Natural Resources 
Geospatial Data Clearinghouse [INRGDC] 2007a).  Respectively, southern and east-
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central Illinois had 216,913 and 185,049 human residents (U.S. Census Bureau 2007) and 
encompassed approximately 23,324 ha and 14,956 ha of available public hunting area 
(INRGDC 2007b).   
 
METHODS 
Mail-in Survey  
I queried white-tailed-deer hunters regarding potential factors affecting hunter 
efficiency and harvest in Illinois during 2006 using a mail-in survey (Appendix A).  I 
randomly selected 2,000 individuals from the 2006 Illinois Department of Natural 
Resources (IDNR) archery and firearm white-tailed deer permit database; 1,000 each 
from the east-central and southern Illinois regions.  I used a modification of the Total 
Design Method (Dillman 1978) to survey selected individuals. Each survey was mailed 
with a cover letter explaining project goals and assuring respondents of anonymity.  I 
mailed a reminder card to non-respondents 3 weeks after the initial mailing, and a second 
survey was sent 4 weeks after the reminder card mailing.  The survey instrument was 
approved by the Human Subjects Committee at Southern Illinois University Carbondale 
(approval number 00005334).   
The survey posed 15 questions about factors possibly affecting individual white-
tailed deer hunter efficiency and harvest.  I queried hunters regarding the number of days 
spent white-tailed deer hunting, number of deer harvested, and date of deer harvest.  The 
survey questioned hunters about hunting-area familiarity (number of years hunting their 
most commonly used area), preferred hunting method, preferred weapon, and number of 
hours spent scouting white-tailed deer during the 2006 hunting season.  I asked hunters 
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whether they had access to or used topographical maps, aerial or satellite photographs, 
Geographic Information Systems (GIS), or Global Positioning System (GPS) to facilitate 
hunting efforts.  I calculated hunter efficiency for each hunter as the number of white-
tailed deer harvested per day spent hunting. Hunter success was calculated as the total 
number of deer harvested by a respondent during the 2006 hunting season.  I tabulated 
the daily harvest of white-tailed deer by archery as the total number of deer harvested 
using archery equipment by all respondents on each day of the archery season.    
 
Weather and Row-crop Harvest Variables  
Weather variables such as snowfall can negatively influence harvest of white-
tailed deer by firearms in Illinois (Hansen et al. 1986).  Therefore, I examined the effect 
of weather and row-crop harvest progress on daily harvest of white-tailed deer by archery 
equipment reported on deer-hunter surveys.  I retrieved weather data from the Midwest 
Regional Climate Center (MRCC 2007); data were tabulated for each day of the archery 
season.  Data for each day consisted of the weather values for that day, the values of the 
previous day, and averages over the previous 3- and 15-day periods.  Variables assessed 
included barometric pressure (Pa), temperature (0C), wind speed (km per h), precipitation 
(cm), and visibility (km).  I gathered row-crop harvest progress data (i.e., the proportion 
of row-crop harvested at harvest date) from the National Agriculture Statistics Service 
(United States Department of Agriculture [USDA] 2007).   
 
Data Analysis   
I performed statistical analyses (α = 0.05 throughout) using Statistix 8.1 
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(Analytical Software, Tallahassee, Florida, USA) or SAS 9.2 (SAS Institute, Inc., Cary, 
North Carolina, USA).  I used 6 by-year groups (1-2, 3-4, 5-6, 7-8, 9-10, and ≥11 years) 
for area familiarity.  I used 5 groups (archery, crossbow, handgun, shotgun, and 
muzzleloader) for hunter weapon preference.  I used 4 groups (deer drive, ground blind, 
still hunting, and tree stand) for hunting method preference.  Respondents reported the 
number of weapons used during the hunting season, resulting in 3 groups (1, 2, and ≥3).   
Respondents reported the number of different hunting methods used during the hunting 
season according to 3 groups (1, 2, and ≥3).  Scouting hours were divided into 5 groups 
by response quantiles (0, 1-5, 5-10, 10-30, >30).  For each reconnaissance tool (e.g., 
topographic maps), there were 3 groups (neither access or use, access only, or both access 
and use).  A Box-Cox transformation was used to improve normality of hunter efficiency 
(W = 0.90) for analyses.  A log transformation was used to improve normality of hunter 
success (W = 0.94) and daily harvest of white-tailed deer by archery (W = 0.96) for 
analyses.   
I tested for differences in hunter efficiency between east-central and southern 
Illinois using a t-test.  I quantified influences of hunter age on hunter efficiency 
(dependent variable) using linear regression.  Influences of area familiarity, weapon 
preference, number of weapons used, hunting method preference, number of hunting 
methods used, scouting hours, and reconnaissance tools on hunter efficiency (dependent 
variable) were explored using individual ANOVAs.   
I tested for differences in hunter harvest success between east-central and 
southern Illinois using a t-test.  I quantified influences of hunter age on hunter harvest 
(dependent variable) using linear regression.  Influences of area familiarity, weapon 
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preference, number of weapons used, hunting method preference, number of hunting 
methods used, scouting hours, and reconnaissance tools on hunter harvest (dependent 
variable) were explored using individual ANOVAs.   
I quantified influence of row-crop harvest progress (independent variable) on 
daily harvest of white-tailed deer by archery hunting (dependent variable) using multiple 
regression (PROC REG).  There is an obvious decline in daily harvest of white-tailed 
deer by archery after the first firearm season for deer (Figure 1.1).  To account for this 
decline a dummy variable (1 for before the first firearm season and a 0 for after) labeled 
firearm_decline was added as an independent variable to the crop progress analysis.  
Thus, I examined the influence of a row-crop harvest progress only, firearm_decline 
only, and a interaction of firearm_decline and row-crop harvest progress models on daily 
harvest of white-tailed deer by archery hunting.  I used cluster analysis (PROC 
VARCLUS; Eigen Cut Off = 0.7) to reduce the 45-variable weather data set to a smaller 
set of uncorrelated variables (Table 1.1).  Cluster analysis is very similar to factor 
analysis (Riiters et al. 1995) and has been used in the wildlife literature as a variable-
reduction technique (Rohm et al. 2007, Kolowski and Nielsen 2008).  I chose the most 
representative variable of each cluster based on the 1-R2 ratio (SAS 2003).   The 1-R2 
ratio is the ratio of 1 minus the R2–value within its own cluster component to 1 minus the 
R2–value within the cluster component of the next closest cluster.  
I used cluster-representative variables to construct 15 a priori multiple regression 
models, a null model, and a global model to assess the relationship of daily harvest of 
white-tailed deer by archery with weather variables (PROC REG, Burnham and 
Anderson 2002).  I based models on natural data groupings and relative applicability to 
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white-tailed-deer management strategies.  Natural groupings were, for example, a wind 
model which included all wind variables (i.e., maximum wind speed on a particular day, 
MaxWSP; average wind speed for the previsous day, WDSP1; average wind speed for 
the last 15 days, WDSP15).  Models that were applicable for management strategies were 
selected based on ease of calculation and explanation by managers.  I considered models 
with <2 ∆AICc to be within the most-parsimonious model set (hereafter, model set; 
Burnham and Anderson 2002).  To account for this decline in archery harvest after the 
first firearm season a dummy variable (1 for fore and a 0 for after the firearm season) 
named firearm_decline was placed within all a priori models to account for this decline, 
except for the null model.  I also included a “no weather” model with just the variable 
firearm_decline.     
 
RESULTS    
The response rate for surveys was 39% (n = 792) of the 2,000 mailed.  Fifty-four 
percent (n = 428) of respondents were from east-central Illinois and 46% (n = 364) were 
from southern Illinois.  Two percent (n = 19) of respondents did not hunt white-tailed 
deer in 2006 although they received a permit, with most citing family or personal illness 
as reasons for not hunting.  Therefore, analyses included 773 respondents who hunted 
white-tailed deer.  Respondents averaged 81.4% of their days afield on private property.  
During 2006, each respondent harvested an average of 1.30 ± 0.05 (SE throughout) 
white-tailed deer.     
Hunter efficiency was essentially identical (t771 = -0.54, P = 0.59) between east-
central (  = 0.12 ± 0.01 deer/day) and southern Illinois (  =0.12 ± 0.01 deer/day), so 
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regions were pooled for further analyses.  No relationship (r2 <0.01, F1,772 = 0.65, P = 
0.421) was detected between respondent age (range = 12-85,  = 45 ± 0.57 yrs) and 
hunter efficiency.  Weapon preference, number of weapons used, and hunting-method 
preference influenced hunter efficiency (F = 2.45–4.95, df = 2–4,768–770; P ≤ 0.033).  
Respondents that preferred shotguns, used 1 weapon, and those that preferred still 
hunting had 62%, 58%, and 52%, respectively, greater mean hunter efficiency than those 
in the lowest group within their particular categories (Table 1.2).  There was no apparent 
difference in hunter efficiency across categories of area familiarity, number of hunting 
methods used, and scouting hours (F = 0.04–2.04, df = 2–5,767–770; P ≥ 0.087) or 
categories related to access and use of reconnaissance tools (F2, 770 = 0.07–1.63, P ≥ 
0.197; Table 1.2).  
Respondents with relatively high area familiarity, who preferred tree stands and 
archery for hunting, and expended high scouting effort spent ≥41% more days afield than 
others.  Respondents that had access and use of reconnaissance tools such as topographic 
or aerial satellite maps spent ≥24% more days afield than those who did not.  Hunter 
success was similar (t771 = -1.28, P = 0.20) between east-central (  = 1.25 ± 0.06 
deer/hunter) and southern Illinois (  = 1.39 ± 0.07 deer/hunter), so regions were pooled 
for further analyses. 
Respondent age had a positive relationship (r2 = 0.006, F1,772 = 4.89, P = 0.027) 
with hunter success, although the relationship appeared weak (Figure 1.2)  Area 
familiarity, weapon preference, number of weapons used, number of hunting methods 
used, hunting-method preference, and scouting hours influenced hunter success (F = 
6.41–57.82, df = 2–5,767–770; P ≤ 0.001).  Respondents that had ≥11 years of area 
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familiarity, preferred archery hunting, used ≥ 3 weapons, used ≥3 hunting methods, 
scouted ≥30 hours, and preferred tree stands had 51%, 45%, 62%, 35%, 61% and 41%, 
respectively, greater mean hunter success than those in the lowest group within their 
particular categories (Table 1.2).  Access and use of GIS did not appear to affect hunter 
success (F2, 770 = 0.98, P = 0.376) but other reconnaissance tools did (F = 4.4–14.3, df = 
2, 770; P ≤ 0.049; Table 1.2).  Respondents that had access and used topographic maps, 
aerial or satellite photographs, or GPS had 35%, 34%, and 29% greater, respectively, 
hunter success than those in the lowest group within their particular categories (Table 
1.2). 
There was an overall model significance for influence of crop harvest and 
firearm_decline on daily harvest of white-tailed deer by archery hunting (F3,92= 31.63, P 
<0.001; r2 = 0.51), however tests of individual regression coefficient revealed that 
firearm_decline (t = -0.54, P = 0.590), crop progress (t = -0.72, P = 0.472), and the 
interaction of firearm_decline and crop progress (t = 0.71, P = 0.482) were not 
individually significant.  Of the original 45 individual weather variables, 8 were retained 
for multiple-regression modeling following cluster analysis (Table 1.1).  Snow depth was 
omitted from analysis because of negligible amounts in both regions.  Four models of 
weather impacts on daily harvest had AICc <2 (Table 1.3).  The most parsimonious 
models covariates were MaxWSP, MSLP, firearm_decline, and WDSP1, with MaxWSP 
(β = -0.005, Figure 1.3) having a negative correlation and MSLP (β = 0.00007, Figure 
1.4), firearm_decline (β = 0.544), and WDSP1 (β = 0.006, Figure 1.5) having a positive 
correlation with daily harvest of white-tailed deer by archery (Table 1.3).   
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DISCUSSION  
Hunter efficiency, effort, and the number of white-tailed deer a hunter is willing 
to take are the primary factors affecting deer-harvest numbers (Bhandari et al. 2008).   
Thus, given concerns about declining hunter numbers, wildlife management agencies 
using hunting as a tool to control white-tailed deer populations seek to understand factors 
affecting hunter efficiency and ultimately hunter success.  My research provides insight 
into influences of personal and external variables on hunter efficiency and hunter success, 
and that of weather and row-crop harvest on daily harvest of white-tailed deer by archery 
hunting of individual deer hunters using data from 1 deer hunting season in Illinois.  As a 
caveat, I collected only 1 year of data, thus my interpretations must be taken with caution.   
I surveyed hunters in 2 regions of Illinois composed of different land cover, 
human densities, and reported use of private property, which I hypothesized may have 
affected hunter efficiency and hunter success differently.  However, individual hunter 
efficiency and hunter success did not appear to differ between regions.  The influence of 
proportion of forest land cover on white-tailed deer harvest at the county level does not 
account for hunters who are likely hunting in forest cover only.  As an example, a county 
with less proportion of forest cover but a similar number of hunters as another county 
would result in a greater number of hunters within forest cover.  Furthermore, deer 
densities were similar in forested portions of east-central and southern Illinois (see 
CHAPTER 2) where hunters likely concentrated their hunting activities.    
Hunter age did not appear to correlate with hunter efficiency.  The positive 
influence of age on hunter success was statistically significant, although examination of 
the scatter-plot seemed to reveal a weak biological significance (Figure 1.2).  This result 
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is similar to another study examining influence of hunter age, namely Miller and Vaske 
(2003) who reported that hunter age was not a predictor of hunter effort.  Average hunter 
age is increasing in the United States (Stedman et al. 2004, United States Department of 
Interior [USDI] 2006), which portends a loss of hunters entirely in the population, but my 
results suggest that this increase will not appreciably affect current hunter success.   
 
Hunter Efficiency 
Hunter efficiency was lower, and number of days afield higher, for hunters using 
more weapons.  Conversely, respondents preferring firearms (i.e., shotguns, 
muzzleloaders, handguns) over other methods had greater hunter efficiency.  This 
association was not surprising, as the firearm season is much shorter than the archery 
season in Illinois.  Also, firearms allow hunters to harvest white-tailed deer at longer 
ranges and to have more and quicker chances at deer. Firearm hunters commonly harvest 
more white-tailed deer than archery hunters (IDNR 2008).  Because hunter efficiency is 
highest during the relatively short firearm hunting season, such that more days afield 
implies more time spent hunting using less-efficient methods.  This result may be 
explained because 69% of respondents using just 1 weapon used a shotgun.  When using 
2 or ≥3 weapons, the percentage of respondent preferring shotguns declined to 42% and 
29%, respectively.  A decline in the use of a more efficient weapon, namely a shotgun, 
may have contributed to the decreased hunter efficiency as respondents increased the 
number of weapons used.  A similar decline was observed in scouting hours, as the 
number of scouting hours increased, the number of respondents preferring shotguns 
decreased from 63% to 18%.  It seems that the more days spent afield using less-efficient 
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methods resulted in a lower overall efficiency.  Kilpatrick et al. (2002) documented that 
hunters using firearms were more efficient than hunters using archery equipment.  
Hansen and Beringer (1997) reported that firearms were the most efficient method for 
controlling deer populations.  Lastly, it may be possible that hunters reduce their hunter 
efficiency by being selective and passing up deer (Decker and Connelly 1989).    
I also expected hunters with more area familiarity would have greater hunter 
efficiency, but this apparently was not the case.  Respondents that hunt on private 
property or landowners hunting their own property should be the best examples of 
hunters who should be in the best position to have greater area familiarity.  Stedman et al. 
(2008) reported that hunters on private property had a greater harvest rate for white-tailed 
deer (deer per unit effort) than hunters on public land.  Perhaps differences in hunter 
efficiency were not detected in the current study because the majority of respondents 
spent most of their days afield on private property only.   
Hunters utilizing deer drives and still hunting had greater hunting efficiency than 
hunters using tree stands and ground blinds.  Van Etten et al. (1965) reported that deer 
drives were the most effective hunting method per unit effort for harvesting white-tailed 
deer compared to still hunting, sitting, and tracking.  However, they also reported deer 
drives were the least-popular method.   Deer drives and still hunting can be considered 
active hunting methods, such that hunting using a tree stand and ground blind may lead to 
hunters being apt to spend more days afield.  Additionally, active methods are likely used 
more by firearm hunters, which signify fewer days afield because the firearm season for 
white-tailed deer is much shorter than the archery deer season in Illinois.  
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Reconnaissance tools, such as topographic maps or aerial photos, can allow 
hunters to investigate hunting areas from afar as well as on site.  I found that respondents 
having both access to and use of focal reconnaissance tools did not have greater hunter 
efficiency than hunters who did not.  Yet, respondents that had both access and use of 
aerial or satellite photos, topographic maps, and GPS units spent >24% more days afield 
than those who do not.  It is unlikely the availability of these tools result in hunters 
spending more time afield, but rather hunters who spend more time afield seek these tools 
out.     
 
Hunter Success 
The number of days a hunter spends afield may influence hunter success given 
different levels of area familiarity, weapon preferences, number of weapons used, number 
of hunting methods, and scouting hours.  Respondents selecting the highest 3 categories 
of area familiarity had the highest hunter success.  Respondents harvested deer at the 
same hunter efficiency across all categories of area familiarity.  However, respondents in 
the ≥7 years of area familiarity categories spent more days afield, which resulted in 
hunters being more successful.  Area familiarity may be key for a successful harvest as 
shown by increased harvest rate on private lands in Pennsylvania (Stedman et al. 2008).  
Land access for deer hunting is decreasing within some regions of the U.S. as human 
development increases (Hansen et al. 2005).  A reduction in land access for deer hunting 
may reduce area familiarity for some hunters who can no longer hunt on their historical 
hunting lands or hunters could simply quit hunting as has been shown to be occurring in 
the U.S. (Responsive Management/National Shooting Sports Foundation 2008).  Land 
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access is crucial for the use of hunting as a tool to control deer numbers in some regions 
of the U.S. (Brown et al. 2000).     
Respondents preferring firearms had higher hunter efficiency, but hunters 
preferring archery spent a greater number of days afield and had higher hunter success.  
Similarly, Kilpatrick and Walter (1999) reported on hunters that spent more days afield 
were more successful at harvesting deer.  Furthermore, they remarked that to increase 
hunt effectiveness for a localized controlled hunt, hunter participation must increase.     
Hunters using deer drives and tree stands had greater hunting success than hunters 
using still hunting and ground blinds.  Tree stands are a common implement used in deer 
hunting, especially for archery, so if archery hunters are more successful it bears to 
reason that using tree stands would increase hunter success.  Deer drives are a technique 
involving multiple hunters walking through deer habitat and moving deer towards other 
hunters, who typically use firearms.  Deer drives have been reported as an effective deer 
harvest method (Van Etten et al. 1965) and may be reason for the higher hunter success 
for hunters preferring this method.     
Respondents with both access to and use of reconnaissance tools, with the 
exception of GIS, had higher hunter success than hunters who did not.  Respondents 
utilizing these reconnaissance tools harvest deer at the same rate (i.e., similar hunter 
efficiency) but spent more days afield, thereby increasing their hunter success.  
Respondents using GIS appear not to harvest any more deer than hunters who did not.  
This lack of difference may simply be due to the seemingly limited use of GIS software 
by the general public and the need for specific computer knowledge to operate the 
software.  I do not believe that reconnaissance tools directly increase a hunter’s success; 
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rather those hunters that use these tools spend more time afield resulting in increased 
hunter success.  As land available for hunting shrinks in the U.S. (Hansen et al. 2005), 
reconnaissance tools may become more important.  A hunter, who has lost access to 
historical hunting land, could perhaps seek out other hunting land through the use of 
reconnaissance tools. 
 
Daily Harvest of White-tailed Deer by Archery Hunting 
As mentioned previously, I collected only 1 year of data, thus my interpretation 
must be taken with caution.  Stage of row-crop harvest affects firearm white-tailed deer 
harvest levels in Illinois, such that a relatively late crop harvest provides refugia for deer 
from hunters (Hansen et al. 1986).  I found no relationship between row-crop harvest 
progress and daily harvest of white-tailed deer by archery.  Most row-crop harvest in 
Illinois during 2006 was completed relatively early (USDA 2007) and may account for 
no observed relationship.  However, a later row-crop harvest may affect daily harvest of 
white-tailed deer by archery in regions with a relatively large percentage of agricultural 
cover, such as in east-central Illinois.  Hansen et al. (1986) reported that late corn harvest 
decreased daily and annual deer harvest in Illinois, which he attributed to corn fields 
providing refugia for deer from hunters.  Southern Illinois, with lower agricultural 
landcover, would not provide as much agricultural refugia for white-tailed deer from 
hunters as the east-central region.     
Rainfall and severity of previous winter can affect annual and daily harvest of 
deer in Illinois (Hansen et al. 1986), but my research suggests normal rainfall events had 
little impact on daily harvest of white-tailed deer by archery.  Modern hunters can likely 
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circumvent relatively normal weather events (e.g., rain, cold temperatures by using the 
multitude of modern products intended to make cold-weather hunting more tolerable.  
The firear_decline only model was within the most-parsimonious model set, but was not 
among the top models.  This lends support that some weather variables may influence 
daily harvest of white-tailed deer by archery.  Daily maximum wind speed had a negative 
correlation with daily total archery white-tailed deer harvest.  White-tailed deer are 
known to seek sheltering habitat on windy days (Beier and McCullough 1990), resulting 
in presumable difficulty in detecting deer by hunters.  Hunters may see days with high 
winds as unproductive for hunting and do not go afield, or hunters may just have poor 
success on these days.  Barometric pressure had a positive correlation with daily total 
archery white-tailed deer harvest.  Beier and McCullough (1990) reported that during 
winter deer were more active and ventured into open habitat when the skies cleared.  
Hunters also may be more likely to venture afield during clear and cool weather and may 
be more successful when deer are more active.  Wind speed of the previous day had a 
positive correlation with daily total archery white-tailed deer harvest.  After seeking 
seclusion from high wind the previous day, deer may be more apt to venture out to forage 
when the weather has cleared.  Leaving sheltering cover may expose deer to greater 
hunting risk, resulting in the positive relationship between wind speed of the previous day 
and daily total archery white-tailed deer harvest. 
 
MANAGEMENT IMPLICATIONS 
If hunters are to continue to play an important role to control deer populations, 
then a combination of the most efficient weapons (e.g., muzzleloaders, shotguns) and 
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lengthening of the hunting season may increase hunter success.  Further research is 
needed to examine why the archery hunter effort declines precipitously after the first 
firearm deer season.  By increasing the knowledge of what may influence the decline in 
archery harvest may allow managers another tool to increase archery harvest after firearm 
season, if needed.  However, not only are overall hunter numbers declining, but so are 
days spent afield in some regions of the U.S. (Responsive Management/National 
Shooting Sports Foundation 2008).  Thus, if increasing the number of days afield is not 
possible, then increasing hunter success within those limited days may be more important 
in management decisions.  There are many reasons why some hunters only spend a 
limited number of days afield, including limited time to actually hunt, limited permits, or 
willingness to harvest more than 1 or 2 deer (Brown et al. 2000, Responsive 
Management/National Shooting Sports Foundation 2008).   
A strategy that may increase the number of deer a hunter is willing to harvest was 
introduced by Ohio Department of Natural Resources, which provided monetary grants to 
venison-donation programs to eliminate or reduce cost to hunters.  In 2008, Ohio 
provided a $100,000 grant for the “Farmers and Hunters Feeding The Hungry” program 
to reduce costs to hunters for donating white-tailed deer, and observed a 162% increase in 
deer donations (Mike Tonkovich, Ohio DNR, personal communication).  Although 
programs like “Hunters for the Hungry” or “Farmers and Hunters Feeding The Hungry” 
may not be as effective in disease-control areas (Riley et al. 2003), programs such as 
these may be very productive in usual white-tailed deer-management units.  I suggest 
other state conservation agencies consider the Ohio model for increasing white-tailed 
deer donations while providing the public-relations benefits of meat donation to charities.   
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Table 1.1.  Weather variables selected using cluster analysis for examination of influence 
on daily total archery white-tailed deer (Odocoileus virginianus) harvest in east-central 
and southern Illinois, USA, 2006. 
 
Variable Acronym 
Barometric pressure MSLPa 
Maximum wind speed MaxWSPa 
Precipitation PRCP3b 
Temperature TEMPa 
 
TEMP3b 
 
TEMP15c 
Wind speed WDSP1d 
  WDSP15c 
aValue for that particular day 
b3-day average immediately preceding that day 
c15-day average immediately preceding that day 
dValue from previous day 
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Table 1.2.  Mean and standard error of white-tailed deer (Odocoileus virginianus) hunter efficiency, deer harvest, and days spent 
hunting (days afield) of individual hunters reported in a mail-in survey by area familiarity (years hunted in primary area), number of 
weapons used, number of hunting methods used, hunting method preference, scouting hours, and access and use of reconnaissance 
tools (i.e., topographic map, aerial photograph, geographic information systems, geographic positioning systems) in east-central and 
southern Illinois, USA, 2006. 
 
  Hunter efficiencya Hunter success Days afield 
Variable 
 
SE 
 
SE 
 
SE 
Area familiarity (yrs) 
       
1-2 0.10 0.01 
 
0.74 0.11 12.82 1.90 
3-4 0.11 0.01 
 
1.10 0.10 18.37 1.71 
5-6 0.08 0.01 
 
1.05 0.13 17.29 1.82 
7-8 0.10 0.01 
 
1.43 0.16 26.41 2.96 
9-10 0.11 0.01 
 
1.33 0.15 24.21 2.54 
≥11 0.10 0.00 
 
1.51 0.07 24.43 1.05 
Hunting method preference 
       
Deer drives 0.20 0.11 
 
1.25 0.25   9.00 3.46 
Ground blind 0.13 0.03   0.82 0.13 
  
15.72 2.39 
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Table 1.2.  Continued. 
  Hunter efficiencya Hunter success Days afield 
Variable 
 
SE 
 
SE 
 
SE 
Still hunting 0.23 0.03 
 
0.86 0.15 12.98 3.12 
Tree stand 0.11 0.01 
 
1.40 0.05 23.28 0.77 
Number of different weapons 
       
1 0.19 0.01 
 
0.70 0.06  8.96 0.89 
2 0.10 0.01 
 
1.47 0.07 24.87 0.96 
≥3 0.08 0.02 
 
1.86 0.12 34.72 1.67 
Number of different hunting methods 
       
1 0.16 0.01 
 
1.02 0.07 16.13 1.17 
2 0.11 0.01 
 
1.40 0.07 23.44 1.04 
≥3 0.10 0.02 
 
1.57 0.12 27.47 1.66 
Scouting hours  
       
0 0.15 0.02 
 
0.82 0.11 12.26 1.79 
1-5 0.12 0.00 
 
1.08 0.07 14.80 1.00 
5-10 0.10 0.01 
 
1.51 0.13 19.81 1.45 
10-30 0.07 0.00   1.37 0.09 
  
27.39 1.28 
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Table 1.2.  Continued. 
  Hunter efficiencya Hunter success Days afield 
Variable 
 
SE 
 
SE 
 
SE 
≥30 0.07 0.01 
 
2.11 0.15 42.42 2.51 
Weapon preference 
       
Archery 0.06 0.01 
 
1.65 0.01 32.16 1.03 
Crossbow 0.06 0.05 
 
1.45 0.30 34.80 5.57 
Handgun 0.07 0.07 
 
0.90 0.41 10.20 2.16 
Muzzleloader 0.11 0.03 
 
1.31 0.20 18.17 2.74 
Shotgun 0.16 0.01 
 
0.93 0.05 10.45 0.68 
Topographic map 
       
Neither access or used 0.10 0.01 
 
1.14 0.05 19.02 0.88 
Access only 0.10 0.01 
 
1.40 0.11 23.89 1.58 
Access and used 0.09 0.00 
 
1.75 0.13 28.78 1.76 
Aerial or satellite photographs 
       
Neither access or used 0.10 0.01 
 
1.17 0.05 19.19 0.86 
Access only 0.11 0.01 
 
1.25 0.12 21.63 1.90 
Access and used 0.09 0.00   1.77 0.12 
  
29.99 1.61 
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Table 1.2.  Continued. 
  Hunter efficiencya Hunter success Days afield 
Variable 
 
SE 
 
SE 
 
SE 
Geographic information system 
       
Neither access or used 0.10 0.01 
 
1.31 0.05 21.58 0.75 
Access only 0.08 0.01 
 
1.23 0.18 25.18 3.01 
Access and used 0.07 0.02 
 
1.92 0.54 30.50 6.31 
Global positioning system 
       
Neither access or used 0.11 0.02 
 
1.26 0.05 21.11 0.81 
Access only 0.09 0.01 
 
1.35 0.14 23.43 1.83 
Access and used 0.08 0.01   1.77 0.21 
  
27.93 2.71 
aDeer per day 
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Table 1.3. Model selection results for examining the influence of weather on daily total archery white-tailed deer (Odocoileus 
virginianus) harvest in east-central and southern Illinois, USA, 2006.  Variable acronyms are listed in Table 1.1.  Abbreviations: AICc, 
Akaike’s Information Criterion adjusted for small sample size; ∆AICc , change in AIC value from top model; ωi, Akaike weight; k, 
number of parameters estimated; R2, coefficient of determination. 
 
Models k R2 AICc ∆AICc ωi 
MSLP + Firearm_decline 
3 0.52 -248.26  0.00 0.229 
MaxWSP + Firearm_decline 
3 0.52 -247.80  0.46 0.182 
Firearm_decline 
1 0.55 -247.56  0.70 0.140 
WDSP1 + Firearm_decline 
3 0.51 -246.92  1.34 0.117 
MaxWSP + WDSP1 + WDSP15 + Firearm_decline 
5 0.53 -245.63  2.63 0.061 
PRCP3 + Firearm_decline 
3 0.51 -246.06  2.20 0.076 
Temp + Firearm_decline 
3 0.51 -245.87  2.38 0.069 
WDSP15 + Firearm_decline 
3 0.51 -245.52  2.74 0.058 
Temp15 + Firearm_decline 
3 0.50 -245.43  2.83 0.056 
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Table 1.3.  Continued. 
Models k R2 AICc ∆AICc ωi 
Temp3 + Firearm_decline 
3 0.50 -245.42  2.84 0.055 
MaxWSP + MSLP + Temp + Firearm_decline 5 0.52 -244.91  3.35 0.043 
PRCP3 + Temp3 + Firearm_decline 4 0.51 -243.87  4.39 0.025 
Temp15 + WDSP15 + Firearm_decline 4 0.51 -243.33  4.93 0.019 
Temp + Temp3 + Temp15 + Firearm_decline 5 0.51 -241.56  6.70 0.008 
MaxWSP + MSLP + PRCP3 + Temp + Temp3 + Temp15 + WDSP1 + WDSP15 + 
Firearm_declinea 10 0.54 -235.46 12.80 0.000 
Null 1 0.00 -182.21 66.05 0.000 
aGlobal model 
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Figure 1.1.  Daily harvest of white-tailed deer(Odocoileus virginianus) by archery in east-central and southern Illinois, USA, 2006.  
First Illinois firearm deer season occurred 17-19 November.  Row-crop harvest was 95% complete by 5 November.  
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Figure 1.2.  Scatter plot of hunter success (number of white-tailed deer [Odocoileus 
virginianus] per hunter) versus hunter age (yrs) in east-central and southern Illinois, 
USA, 2006.   
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Figure 1.3.  Scatter plot of daily harvest of white-tailed deer (Odocoileus virginianus) by 
archery versus max wind speed for a particular day (kph) in east-central and southern 
Illinois, USA, 2006.   
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Figure 1.4.  Scatter plot of daily harvest of white-tailed deer (Odocoileus virginianus) by 
archery versus barometric pressure (MSLP) in east-central and southern Illinois, USA, 
2006.   
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Figure 1.5.  Scatter plot of daily harvest of white-tailed deer (Odocoileus virginianus) by 
archery versus wind speed for the previous day (WDSP1, kph) in east-central and 
southern Illinois, USA, 2006.   
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CHAPTER 2: COMPARISON OF TWO DISTANCE-SAMPLING TECHNIQUES 
FOR ESTIMATING DENSITY OF WHITE-TAILED DEER 
 
INTRODUCTION 
White-tailed deer (Odocoileus virginianus) are an important game and keystone 
species in North America.  Although white-tailed deer provide a source of revenue and 
recreation through consumptive and non-consumptive uses (Conover et al. 1995), white-
tailed deer can damage vegetation through their foraging (Russell et al. 2001, Cote et al. 
2004, Tremblay et al. 2005) and rutting behaviors (Nielsen et al. 1982).  Additionally, 
threats to human life and monetary loss can be severe from white-tailed deer-vehicle 
collisions (Finder et al. 1999, Nielsen et al. 2003, Bissonette et al. 2008).  Due to the 
importance of white-tailed deer, wildlife biologists may need reliable density estimates to 
aid management strategies.  However, white-tailed deer can be secretive, cryptic, and 
inhabit a variety of terrains and cover types, thus making it difficult to estimate density 
(Bailey and Putman 1981, McCullough 1982).   
Numerous techniques of density estimation for white-tailed deer have been 
developed, including aerial surveys (Stoll et al. 1991, Nielsen et al. 1997a, Potvin et al. 
2005), mark-recapture or resight methods (McCullough and Hirth 1988, Nielsen et al. 
1997b, Lopez et al. 2004), pellet counts (Neff 1968), and thermal infrared imaging 
surveys (Naugle et al. 1996, Haroldson et al. 2003).  Distance sampling (e.g., line-
transect sampling) has shown great potential for estimating white-tailed deer density 
(Buckland et al. 1993, 2001, 2004) at a reduced cost relative to traditional survey 
techniques (LaRue et al. 2007).  Distance-sampling methods measure the perpendicular 
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distances of objects (e.g., animals, scat) from a line transect, and estimate object density 
by modeling the detection function (i.e., the probability of detecting an object given that 
it is at a particular distance from the transect line; Buckland et al. 2006).  Distance 
sampling accounts for environmental variables that could influence the probability of 
detection, thus variation in detection among survey transects and sampling periods 
become adequate (Ruette et al. 2003).  Methodologies for conducting distance sampling 
can be split into direct or indirect techniques (Buckland et al. 2004).  Direct sampling 
estimates focal-species density using actual observations of animals.  Indirect sampling 
estimates focal-species density by applying multipliers (e.g., defecation and pellet 
persistence period) to a density estimate of objects (i.e., nests, dung) produced by the 
focal species. 
 White-tailed deer are an ideal animal for which to implement direct distance 
sampling.  White-tailed deer are relatively large and given the presence of a tapetum 
lucidum, they are easy to observe using spotlights (McCullough 1982).  Additionally, the 
open agricultural landscape of the midwestern U.S. provides an opportune situation to 
observe white-tailed deer.  Many roads in the region are evenly spaced (often by section) 
and accessible, thereby providing a system of transects for easy travel by vehicles.  
Numerous studies have employed direct distance sampling to estimate population density 
of wild mammals (e.g., for mountain hares [Lepus timidus], Newey et al. 2003; roe deer 
[Capreolus capreolus], Ward et al. 2004; and badgers [Meles meles], Hounsome et al. 
2005).   Ward et al. (2004) found that road avoidance behavior can decrease the precision 
of density estimates for roe deer when using distance sampling.  For badgers, Hounsome 
et al. (2005) reported that distance-based estimates of density may be not as susceptible 
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to variation in mid- to high-density areas and more open terrain.  Newey et al. (2003) 
used distance sampling for mountain hares, and reported the technique was useful for that 
species. I am aware of only 1 published report that employed a direct distance sampling 
methodology to estimate white-tailed deer density (LaRue et al. 2007). 
 Indirect sampling is often used when a particular species is cryptic or difficult to 
observe, and where it may be more efficient to estimate the density of objects left behind 
by that species (Thomas et al. 2002, Laing et al. 2003).  Indirect distance sampling has 
been used to estimate density for a variety of species (sika deer [Cervus nippon], 
Marques et al. 2001; African elephant [Loxodonta africana], Olivier et al. 2009).  
Although white-tailed deer may not be easy to observe in some regions, there may be 
instances where direct sampling may be difficult to implement due to logistics, location, 
and the presence of forest cover that reduces detection probability.  However, I am 
unaware of any published report using such methodology to estimate white-tailed deer 
density.  Investigating density estimates of sika deer, Marques et al. (2001) found density 
estimates using indirect distance sampling generally had high precision and were 
agreeable with other population data (i.e., cull and sighting data).  Olivier et al. (2009) 
reported that precision of density estimates increased with effort, but this relationship was 
asymptotic.  
A few studies have compared both direct- versus indirect distance sampling 
techniques (Varman et al. 1995, Plumptre 2000, Morgan 2007).  Varman et al. (1995) 
reported that with African elephants, indirect distance sampling was more precise per unit 
effort than direct distance sampling.  However, this was only true after defecation rates 
and pellet persistence period had been firmly established.  Morgan (2007) indicated that 
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direct distance sampling underestimated density of forest elephant (L. a. cyclotis) but 
attributed this in part to aggressive behavior by elephants that forced abandonment of 
transects.   
No study to my knowledge has compared direct- and indirect distance sampling 
for white-tailed deer populations or used spotlighting in their comparisons.  Use of 
spotlights for direct distance sampling for white-tailed deer dictates the use of vehicles 
and navigable transects, namely roads.  However, use of roads for transects has been 
discouraged for distance sampling (Buckland et al. 2004) because habitat along the road 
may be different when compared to non-roaded areas and white-tailed deer distributions 
may be different near roads than elsewhere (Ruette et al. 2003), resulting in biased 
estimates of density.   Furthermore, behavioral may differ spatially in agricultural versus 
forested landcovers, such that observation of a deer may vary between differing 
landcover types; resulting in different density estimates derived via spotlight surveys 
from roads. 
      I estimated white-tailed deer densities using direct (i.e., spotlighting deer from 
road transects) and indirect (i.e., counting pellet groups on randomly-placed transects) 
techniques across 3 study areas in the midwestern U.S.  The east-central Illinois study site 
was composed of agricultural land use with relatively little forest cover.  The southern 
Illinois study site was composed of agricultural land use with marginal forest cover.  
Conversely, a third study site in northern Michigan was dominated by forest cover.  For 
each study site, I compared white-tailed deer densities generated by both distance-
sampling methods.  I hypothesized that differences in survey techniques (e.g., randomly 
placed transects vs. road-based transects) relative to landscape composition may result in 
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varying density estimates.  Variation decreases in estimates of density from distance-
sampling due to differences in observations (i.e., cluster size) as open habitat increases 
(Hounsome et al. 2005), I predicted indirect- and direct distance sampling estimates will 
be more similar in the Illinois study sites than in Michigan.  
 
STUDY AREA 
East-central Illinois 
I conducted surveys on lands immediately surrounding the Lake Shelbyville 
Project (LSP, 13,892 ha) operated by the U.S. Army Corps of Engineers in Moultrie and 
Shelby counties, Illinois, USA.  Within the Lake Shelbyville Project are Lake Shelbyville 
(4,451 ha), Eagle Creek State Park (ECSP, 921 ha), Wolf Creek State Park (WCSP, 832 
ha), and Lake Shelbyville Fish and Wildlife Management Area (LSFWA, 2,604 ha).  The 
LSFWA is divided into the West Okaw (1,129 ha) and Kaskaskia (1,475 ha) units.  The 
majority of land area surrounding the LSP is row-crop agriculture, primarily planted with 
corn (Zea mays) and soybeans (Glycine max).  Landcover classes present include 
agriculture (e.g., row-crop; 45.0%), developed (e.g., parking lots, homesteads; 4.0%), 
field (e.g., fallow field; 18.0%), forest (e.g., hardwoods, conifer; 18.0%), wetland (5.0%), 
and water (e.g., stream, lake; 10.0%). 
The median period between first and last frost-free days was 183 days (MRCC 
2000).  Average annual temperature ranged from 20.1° C in spring and summer (Apr–
Sep) to 3.9° C in fall and winter (Oct–Mar; MRCC 2000).  Average annual rainfall was 
100.1 cm and average annual snowfall was 54.4 cm (MRCC 2000).   
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Southern Illinois 
I conducted surveys on Southern Illinois University Carbondale (SIUC) property 
located in Carbondale, Illinois, USA.  Southern Illinois University Carbondale is 1,394 ha 
including the main campus (493 ha, of which 101 ha are forested), agricultural research 
fields (551 ha), and surrounding forested property (350 ha, INRGDC 2007b).  Thompson 
Woods is a 7-ha woodlot dominated by hardwood trees and shrubs interspersed with 
walking paths, located in the center of SIUC campus (Hubbard and Nielsen 2009).  Dense 
stands of timber and shrubby undergrowth exist along trails where white-tailed deer are 
frequently observed (Hubbard and Nielsen 2009).  As part of the SIUC agricultural 
research program, fields of corn, soybeans, and wheat (Triticum aestivum) are located <1 
km west of the main campus (Hubbard and Nielsen 2009).   
The median period between first and last frost-free days was 178 days (MRCC 
2000).  Average annual temperature in the study area ranged from 20.2° C in spring and 
summer (Apr–Sep) to 5.0° C in fall and winter (Oct–Mar; MRCC 2000).  Average annual 
rainfall was 116.5 cm and average annual snowfall was 34.0 cm (MRCC 2000). 
 
Michigan 
I conducted surveys in the lower peninsula of Michigan (USA), primarily within 
Manistee and Mason counties.  Manistee and Mason counties encompassed 1,442 km2 
and 1,320 km2, respectively.  Landcover of these counties comprised mast-producing 
upland forests (26%), non-mast producing upland forests (22.5%), openland (17.2%), 
mast-producing lowland forests (5.5%), wetland (5%), non-mast producing lowland 
forests (4%), urban (3%), and water (2.5%, Stroud 2008).   
 36 
 
The period between first and last frost-free days averaged <5 months.  Average 
annual temperature in the study area ranged from 16.0° C in spring and summer (Apr–
Sep) to 1.0° C in fall and winter (Oct–Mar; National Oceanic and Atmospheric 
Administration [NOAA] 2002).  Average annual rainfall was 79 cm and average annual 
snowfall was 225 cm (NOAA 2002). 
 
METHODS 
Data Collection  
I conducted surveys immediately after snow melt, during 5 March–30 April 2007 
and 2008.  Southern Illinois was surveyed only during 2007.   
 
Direct-Distance Sampling.—I used spotlight-based distance sampling as the 
direct distance-sampling method (LaRue et al. 2007).  I digitized transect routes (i.e., 
roads) from road layers and digital orthophoto quarter quadrangles (DOQQ) of the study 
areas using ArcGIS 9.0 (Environmental Systems Research Institute [ESRI], Redlands, 
California, USA; INRGDC 2007a).  Examining the landcover layer in ArcMap (ArcGIS 
9.0), I selected routes based on proportional coverage of landcover and representation of 
the study areas.  I did not conduct surveys if rain or fog were present.  I performed 
spotlight surveys >1 hr after sunset.  I used a pickup truck at speeds ≤30 km per hr to 
follow transects.  Two observers in the bed of the truck located white-tailed deer with 
hand-held spotlights on both sides of the roadway.  When I located white-tailed deer, I 
measured the distance (m) from the observer to the center of white-tailed deer clusters 
(i.e., groups >1 deer) with a laser rangefinder, determined angle between the transect and 
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the center of each cluster using an angle board and compass, and recorded in which cover 
type the cluster was observed.  For placement of transects, cover types were reduced to 2 
types: open (e.g., grass, cropland) and forested (e.g., conifer, hardwood).  I used nearest-
neighbor criterion and behavior to determine if multiple clusters were present (LaGory 
1986, LaRue et al. 2007).  I repeated each survey route in 3 sampling periods (1 night 
was considered 1 sampling period) and until ≥60 clusters (Buckland et al. 2004) were 
observed for each year.   
 
Indirect-Distance Sampling.— I used pellet-based distance sampling according to 
Marques et al. (2001) as an indirect technique.  I overlaid a randomly-generated point 
layer (Beyer 2004) on DOQQs of the study areas using ArcGIS 9.0 (INRGDC 2007a, 
Michigan Center for Geographic Information [MCGI] 2007).  I downloaded random 
point coordinates (Universal Transverse Mercator, UTM, WGS84, Zone 16) to a 
Geographic Positioning System (GPS, Garmin International, Olathe, Kansas, USA) to 
navigate to random locations.  I adjusted sampling intensity proportional to landcover 
(i.e., open, forest) based on landcover in ArcMap (Marques et al. 2001).  I navigated to 
start locations (i.e., random locations), then randomly determined a direction for 200-m 
line transects (Marques et al. 2001). Two observers (1 per side) scanned each transect and 
recorded perpendicular distance (cm) from the transect line to the center of each pellet-
group detected within 2 m on each side of the transect (Marques et al. 2001). A pellet-
group was counted within a survey only if it was not obscured by leaves and contained > 
6 pellets (Hester 2009; Marques et al. 2001).  Additionally, I recorded cover type and the 
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number of pellets present for each cluster location.  Efforts continued until >60 pellet-
groups (Buckland et al. 2004) were detected per cover type and year. 
    
Data Analysis 
 For each method, I (1) plotted initial histograms for fitting a preliminary model, 
(2) selected ≥1 candidate data sets and chose the best-fit model, (3) pooled sighting 
distance data and chose appropriate truncation points to improve fit for several models 
(e.g., half-normal, hazard-rate), and (4) assessed evidence of cluster-size bias (Buckland 
et al. 1993). A single, best-fit model was then selected using AIC and a goodness-of-fit 
test (α = 0.05).  I used program DISTANCE 6.0 (Thomas et al. 2009) to estimate the 
detection function, population density, and associated coefficient of variation (CV), 
standard error (SE), and confidence interval (CI).  Cover type (open or forest) was 
incorporated as a covariate in Multiple Covariate Distance Sampling (MCDS, 
DISTANCE 6.0; Thomas et al. 2009), permitting a global detection function to be 
modified by cover type.  By using MCDS, only 2 models (hazard and half-normal) were 
available to examine for best fit.  Furthermore, I varied model-detection intervals and 
adjustment terms between available models with the optimal model being selected based 
upon the lowest values of AIC and CV.   
The initial indirect distance sampling estimate is a density of pellet groups.  To 
compute an estimate of actual white-tailed deer density, I entered a defecation rate and 
pellet persistence period as modifiers into program DISTANCE for indirect distance 
sampling estimates (Marques et al. 2001, Buckland et al. 2004).  When using defecation 
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rate (d) and pellet persistence period (p), density of white-tailed deer (D) is estimated 
using the following formula: 
 
Where “n” is the number of detected pellet-groups, “L” is the transect 
length, and “f(0)” is the detection function (Marques et al. 2001).  I used 13.4 pellet-
groups per day as the defecation rate (Mayhew 2003).  Because pellets covered by leaves 
were not counted, I defined the pellet persistence period as the number of days since 90% 
of the deciduous canopy dropped their leaves (Van Etten and Bennet 1965).     
I compared indirect and direct distance sampling techniques within all 3 study 
areas in 2007 and within Michigan and east-central Illinois for 2008 using CI overlap for 
a total of 5 comparisons. Percent overlap between 2 95% confidence intervals was 
calculated by the following formula: 
 
Where the “minimum UCI” is the lowest upper confidence limit value between the 2 
intervals, “maximum LCI” is the maximum lower confidence limit value between the 2 
intervals, “UCIi” is the upper confidence limit value of the ith confidence interval, and 
“LCIi” is the lower confidence interval of the ith confidence interval. Confidence interval 
overlap tends to be conservative, failing to reject the null hypothesis more often than 
other methods when the null hypothesis is false (Schenker and Gentleman 2001).  
However, density estimates were not replicated, making standard comparison methods 
(e.g., using t-tests) invalid.  Therefore, confidence-interval overlap was a justifiable 
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technique to use for comparison given its conservative nature and when limited statistical 
procedures are available (Schenker and Gentleman 2001, Payton et al. 2003).   
 
RESULTS 
East-central Illinois 
Direct distance sampling recorded 237 clusters (  ± SE [used throughout] 1.9 ± 
0.1 white-tailed deer per cluster) across 85.6 km of transects from 13 March to 1 April 
2007.  Estimated white-tailed deer density was 18.1 ± 2.6 deer per km2 (13.6-24.1 deer 
per km2, 95% CI) with a CV = 14.6%.  Using a 10% right truncation, 30-m intervals, and 
a half-normal-cosine model produced the lowest AIC (Table 2.1).  The effective strip 
width was 138.4 m, and cluster-size bias was not evident in the data (P >0.05).   
Indirect distance sampling recorded 617 pellet-groups across 40 transects (13.1 ± 
2.5 clusters per transect) from 4 March to 1 April 2007.  The pellet persistence period 
was 140 days.  Estimated white-tailed deer density was 15.8 ± 3.1 deer per km2 (10.6-
23.4 deer per km2) with a CV = 19.7%.  Using a 15% right truncation, 20-cm left 
truncation, and a half-normal-cosine model produced the lowest AIC (Table 2.1).  The 
effective strip width was 102.1 cm. The 2007 indirect- and direct-density CI overlapped 
84% (Table 2.1).   
Direct distance sampling recorded 292 clusters (1.7 ± 0.1 white-tailed deer per 
cluster) across 101.6 km of transects from 10 March to 2 April, 2008.  Estimated white-
tailed deer density was 14.4 ± 2.0 deer per km2 (10.9-19.0 deer per km2) with a CV = 
14.2%.  Using a 10-m left truncation, 275-m right truncation, 30 selected intervals, and a 
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half-normal-hermite model produced the lowest AIC (Table 2.1).  The effective strip 
width was 154.8 m, and cluster-size bias was not evident in the data (P >0.05).   
Indirect distance sampling recorded 413 pellet-groups across 29 transects (14.2 ± 
2.2 clusters per transect) from 10 March to 9 April 2008.  The pellet persistence period 
was 148 days.  Estimated white-tailed deer density was 11.2 ± 1.8 deer per km2 (8.1-15.3 
deer per km2) with a CV = 15.6%.  Using a 20-cm left truncation, 20-cm intervals, and a 
hazard-rate-cosine model produced the lowest AIC (Table 2.1).  The effective strip width 
was 135.1 cm. The 2008 indirect- and direct-density CI overlapped 58% (Table 2.1). 
 
Southern Illinois 
Direct distance sampling recorded 232 clusters (1.5 ± 0.1 white-tailed deer per 
cluster) across 51.8 km of transects from 27 March to 2 April 2007.  Estimated white-
tailed deer density was 19.0 ± 1.9 deer per km2 (15.4-23.3 deer per km2, 95% CI) with a 
CV = 10.1%.  Using a 50-m left truncation, 25-m intervals, and a half-normal-cosine 
model produced the lowest AIC (Table 2.1).  The effective strip width was 117.6 m, and 
cluster-size bias was not evident in the data (P >0.05).   
Indirect distance sampling recorded 792 pellet-groups across 72 transects (10.9 ± 
1.5 pellet-groups per transect) from 27 March to 2 April 2007.  The pellet persistence 
period was 115 days.  Estimated white-tailed deer density was 15.4 ± 2.0 deer per km2 
(11.9-20.0 deer per km2, 95% CI) with a CV = 13.2%.  Using a 10% right truncation and 
a half-normal-cosine model produced the lowest AIC (Table 2.1).  The effective strip 
width was 103.5 cm.  The 2007 indirect- and direct-density CI overlapped 58% (Table 
2.1). 
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Michigan  
Direct distance sampling recorded 750 clusters (1.6 ± 0.1 white-tailed deer per 
cluster) across 96.6 km of transects from 2 April to 19 April 2007.  Estimated white-
tailed deer density was 25.2 ± 3.4 deer per km2 (19.4-32.9 deer per km2) with a CV = 
13.3%.  Using a 725-m right truncation, 25-m left truncation, 30 equal intervals, and a 
hazard-rate-cosine model produced the lowest AIC (Table 2.1).  The effective strip width 
was 243.4 m, and cluster-size bias was not evident in the data (P >0.05).   
Indirect distance sampling recorded 1,382 pellet-groups across 104 transects (29.4 
± 4.5 clusters per transect) from 20 March to 1 May 2007.  The pellet persistence period 
was 154 days.  Estimated white-tailed deer density was 12.7 ± 1.3 deer per km2 (10.3-
15.5 deer per km2) with a CV = 10.4%.  Using a 10% right truncation, 25-cm intervals, 
and a half-normal-cosine model produced the lowest AIC (Table 2.1).  The effective strip 
width was 120.3 cm. 
Direct distance sampling recorded 657 clusters (1.6 ± 0.1 white-tailed deer per 
cluster) across 96.6 km of transects from 9 April to30 April 2008.  Estimated white-tailed 
deer density was 18.3 ± 2.4 deer per km2 (14.1-23.9 deer per km2) with a CV = 13.2%.  
Using a 25-m left truncation, 525-m right truncation, 30 equal intervals, and a hazard-
rate-hermite model produced the lowest AIC (Table 2.1).  The effective strip width was 
277.0 m, and cluster-size bias was not evident in the data (P >0.05).   
Indirect distance sampling recorded 336 pellet-groups across 47 transects (5.5 ± 
0.9 clusters per transect) from 4 April to 24 April 2008.  The pellet persistence period 
was 158 days.  Estimated white-tailed deer density was 6.1 ± 1.8 deer per km2 (4.4-8.4 
deer per km2) with a CV = 16.2%.  Using a 20-cm left truncation, 10% right truncation, 
 43 
 
20-cm intervals, and a half-normal-cosine model produced the lowest AIC (Table 2.1).  
The effective strip width was 81.8 cm. There was no overlap of the 2007 or 2008 indirect 
and direct CI (Table 2.1). 
 
DISCUSSION 
The 3 study sites represented 2 topographical types for transect placement: 1) 
relatively open, flat, agricultural landscapes with a more systematic road-system (i.e., 
east-central and southern Illinois) and 2) a topographically-variable and forested 
landscape with roads following topographical features (i.e., northern Michigan).  Using 
road transects in a forest-dominated region, where roads are often dictated by topography, 
may either over- or underestimate population density based on the direct-observation 
technique, so random transects are preferred for unbiased coverage of the heterogeneity 
of the landscape and distribution of the focal wildlife species (Buckland et al. 2004).  
However, it is not known whether random transects are needed for agricultural 
landscapes, so it may be more practical to use roads for transects than random transects.  
Furthermore, it is uncertain whether roads affect white-tailed deer behavior in 
agriculturally- or forest-dominated landscapes of the midwestern Untied States.  Fraser 
and Thomas (1982) reported that moose (Alces alces) were attracted to roadways during 
spring and summer to acquire leftover salt from winter road maintenance, similarly 
documented for white-tailed deer by Pletscher (1987).  Although vegetation could be an 
attractant to roadsides by ungulates (Rea 2003), I could not locate a published report of 
road preference or avoidance by white-tailed deer with regards to vegetation or habitat. 
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Density estimates were similar between direct- and indirect-distance sampling 
methodologies for both Illinois study areas.  These regions are relatively flat with open 
terrain, which permitted roads to be systematically placed at regular intervals not dictated 
by topography.  Thus, road-based transects in the agricultural landscape did not seem to 
be biased in regards to adequate landscape coverage that was assessed versus random 
transect placement in pellet-based distance sampling.  White-tailed deer behavior was 
likely not affected by the presence of vehicles on roads because there is regular and 
familiar traffic in these locations, and habitat near roads was likely representative of that 
on the entire landscape (Romin and Dalton 1992, Focardi et al. 2001). 
In agricultural areas, roads were used for direct-distance sampling.  Because 
white-tailed deer are very alert, direct-distance sampling on random transects (traversed 
via walking) may increase the risk of white-tailed deer detecting observers and moving 
from their original location, a major violation of the assumptions of distance sampling.  
Additionally, the equipment (e.g., spotlights, batteries) needed to conduct walking 
transects would be fatiguing for observers to carry and would result in limited length of 
transects.  Roads allow for swift sampling of lengthy transects to acquire the necessary 
number of observations (Heydon et al. 2000).  Remaining on roads that normally have 
human activity should decrease risk of violating the assumption that deer are seen in their 
original location (Heydon et al. 2000).   
Density estimates derived by direct-distance sampling were higher than indirect-
distance sampling in the forest-dominated landscape of Michigan.  Roads in this 
landscape are not placed randomly or systematically on the landscape; rather, they largely 
follow topographical features such as valleys.  Furthermore, white-tailed deer behavior 
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may have been more affected by roads in Michigan than in Illinois.  McLoughlin et al. 
(2007) reported that lifetime reproductive success of female roe deer (Capreolus 
capreolus) had a positive relationship with use of road-edge habitat.  In the Michigan 
study area, roads create edge habitat, thus white-tailed deer may have exhibited an 
affinity to roads for foraging.  Unlike Illinois, the Michigan study area did not have 
abundant large row-crop fields to provide forage from edge habitat or the crops 
themselves.  Attraction of animals to forest edges associated with roads may bias direct-
distance sampling techniques that use roads as transects and could therefore produce a 
positively biased density estimate.  This bias is generated by an increase in observed 
clusters closer to the transect line, which would be expected to decrease effective strip 
width and increase the estimate of density (Buckland et al. 2001).  However, the 
Michigan effective strip width was greater for both years than either of the Illinois study 
sites.  I attribute this to differences in observability due to differing forest structure 
between Illinois and Michigan.  The forests within Illinois had different species 
composition than in Michigan and had thicker understory dominated by shrubs (e.g., bush 
honeysuckle;  Lonicera spp.; Hubbard 2008; Charles Anderson, Southern Illinois 
University Carbondale, unpublished data) than was typical in Michigan (Hester 2009).         
Knowing costs of these techniques is also important, and may impact decision 
making.  Therefore, I compared costs of direct- versus indirect-distance sampling for 1 
study area (east-central Illinois).  I used the mean number of clusters, transect length, 
number of transects, and the number of pellet-groups observed between 2007 and 2008.  
Direct-distance sampling transects averaged 94 km, with 3 technicians (2 observers and 1 
driver-data collector) at $8.50 per hour per individual, and $0.32 per kilometer vehicle 
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costs.  Ten kilometers per hour was the average for traversing transects while collecting 
data, giving a $29 per-hour cost (to standardize between techniques) and total operating 
cost of $270 per year for direct-distance sampling.  An average of 35 transects were 
conducted for indirect-distance sampling.  An average of 45 minutes per transect was 
required, with 3 technicians (2 observers and 1 data collector) at $8.50 per hour per 
individual yielding a $26 per-hour cost ($3 per hour less than direct-distance sampling).  
Total operating cost was $680 per year for indirect-distance sampling.  Start-up costs for 
direct-distance sampling (e.g., spotlight, laser rangefinder) and indirect-distance sampling 
(e.g., GPS, measuring tapes) surveys were $445 and $201, respectively.  The grand total 
costs were $715 and $884 for direct- and indirect-distance sampling techniques, 
respectively. The final per-cluster costs were $2.70 and $1.72 for direct- and indirect-
distance sampling, respectively.  Thus, direct- and indirect-distance sampling costs would 
have been $162.14 and $102.93, respectively, for a 60-cluster survey (i.e., the desired 
minimum sample size; Buckland et al. 2004).  Although indirect-distance sampling has a 
higher overall cost than direct-distance sampling, indirect-distance sampling costs less for 
start-up and for a 60-cluster survey. However, to adequately sample environmental 
variation (Buckland et al. 2001) collection of data beyond a 60-cluster survey may be 
required, resulting in increased costs.  In addition, the added benefit of gaining age and 
sex ratios during direct-distance sampling (LaRue et al. 2007) may outweigh any cost 
advantage of indirect surveys.   
Independent estimates of deer survival (see CHAPTER 3), dispersal (see 
CHAPTER3), and density estimates in the east-central Illinois study area suggest that 
distance sampling may be underestimating density.  The main hunting areas on Lake 
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Shelbyville are LSFW, WCSP, and ECSP, which total 4,353 ha (44 km2, see Chapter 2).  
During 2007, the estimate of density using direct-distance sampling was 18 deer per km2, 
with a deer harvest on the study area totaling 244 deer (IPHAR 2008) during the 2007-
2008 hunting season.  Thus, 18 deer per km2 multiplied by 44 km2 gives a total number 
of 792 deer on the study area.  Assuming equal immigration and emigration, by dividing   
244 harvested individuals by the sum of the post-hunt population (792 deer) and the 
number harvested (244) gives a 24% mortality rate attributed to hunting, or a rough 
survival estimate of 76%.  The model-averaged estimate of annual survival rate was 
lower at 69% (see Chapter 3). 
 
MANAGEMENT IMPLICATIONS 
 Given that indirect- and direct-distance sampling techniques provided consistent 
results for estimating deer density in agricultural landscapes, direct observation would be 
the preferred technique.  Direct observation using roads appears to be biased in forest-
dominated landscapes, so indirect observation is recommended in such areas.  I 
recommend that agencies currently using traditional spotlight surveys begin to gather 
distance, angle, and group size data, facilitating the conversion of spotlight indices into 
more robust estimates of density using distance sampling. 
More research is needed to understand the utility of distance sampling for 
estimating population density in ungulates.  A greater understanding of the influence of 
roads on deer behavior is needed to determine in which landscapes deer may be attracted 
to or repelled by roads.  Fortunately, ample fine-scale data from GPS collar studies now 
abound in the literature (Long et al. 2005, Storm et al. 2007, Webb et al. 2010) and may 
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be utilized to this end.  Furthermore, examination of the impacts of differing habitats, 
transect lengths, sample sizes (in terms of deer and observations) would be useful for 
further understanding the utility of this technique and any associated biases. 
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Table 2.1  Competing distance-sampling (2 techniques, direct and indirect) models and associated left-and right-truncation values (L-w and R-w), number and 
type of data intervals, model parameters (K), density estimates (white-tailed deer [Odocoileus virginianus] per km2), standard errors (SE), 95% confidence 
intervals (CI), Akaike’s Information Criteria (AIC) values, and coefficients of variation (CV) for white-tailed deer in Michigan (MI) and southern (SI) and east-
central (ECI) Illinois, USA, 2007-08.  Models sets were initially selected using AIC and then subsequently ranked using CV. 
 
Year Region Technique 
Key 
Function 
Series 
Expansion 
Lefta 
Truncation 
Righta 
Truncation Intervala K Density SE  95% CI AIC CV 
2007 ECI Direct Half-normal Cosine — 10% 30 3 18.1 2.6 13.6-24.1 1020.88 0.146 
   
Half-normal Cosine — 350 50 2 16.3 2.4 12.1-21.8 1620.57 0.149 
   
Half-normal Cosine — 10% — 2 15.9 2.4 11.9-21.3 2282.63 0.149 
  
Indirect Half-normal Cosine 20 15% — 2 15.8 3.1 10.6-23.4 4615.32 0.197 
   
Half-normal Cosine 25 10% — 2 14.6 2.9 9.9-21.8 4660.73 0.197 
      Hazard-rate Cosine 25 10% — 3 15.2 3.0 10.2-22.5 4661.07 0.198 
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Table 2.1.  Continued. 
Year Region Technique 
Key 
Function 
Series 
Expansion 
Lefta 
Truncation 
Righta 
Truncation Intervala K Density SE  95% CI AIC CV 
2007 MI Direct Hazard-rate Cosine 25 725 30c 4 25.2 3.4 19.4-32.9 4063.85 0.133 
   
Half-normal Cosine 25 10% — 6 11.8 1.6 9.0-15.5 7345.25 0.136 
   
Hazard-rate Polynomial 25 10% — 6 19.5 3.5 14.5-33.7 7346.49 0.137 
  
Indirect Half-normal Cosine — 10% 25 2 12.7 1.3 10.3-15.5 4657.2 0.104 
   
Half-normal Cosine 10 10% — 3 11.8 1.2 9.4-14.3 4659.3 0.111 
   
Half-normal Cosine 25 10% 25c 3 11.9 1.6 9.2-15.1 4675.8 0.123 
2007 SI Direct Half-normal Cosine 50 10% — 2 19.0 1.9 15.4-23.3 1595.92 0.101 
   
Hazard-rate Cosine 50 350 25 3 16.0 1.8 12.7-20.1 1789.32 0.112 
      Half-normal Cosine 25 10% — 2 20.8 2.2 16.5-26.2 2065.09 0.108 
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Table 2.1.  Continued. 
Year Region Technique 
Key 
Function 
Series 
Expansion 
Lefta 
Truncation 
Righta 
Truncation Intervala K Density SE  95% CI AIC CV 
  
Indirect Half-normal Cosine — 10% — 2 15.4 2.0 11.9-20.0 4967.36 0.132 
   
Hazard-rate Cosine — 10% — 3 17.7 2.3 13.6-23.0 7025.89 0.132 
   
Half-normal Cosine 25 10% — 2 13.9 1.9 10.6-18.3 7026.69 0.137 
2008 ECI Direct Half-normal Hermite 10 275 30b 1 14.4 2.0 10.9-19.0 1051.11 0.142 
   
Half-normal Cosine 30 510 20 2 16.9 2.5 12.7-22.5 1731.87 0.147 
   
Half-normal Cosine 50 325 25 2 17.5 2.6 13.1-23.5 1871.92 0.149 
  
Indirect Hazard-rate Cosine 20 — 20 3 11.2 1.8 8.1-15.3 1493.1 0.156 
   
Hazard-rate Cosine 20 — 25c 3 11.2 1.7 8.1-15.3 2205.2 0.156 
      Half-normal Cosine 20 15% — 2 12.4 1.9 9.0-17.0 2759.1 0.158 
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Table 2.1.  Continued. 
Year Region Technique 
Key 
Function 
Series 
Expansion 
Lefta 
Truncation 
Righta 
Truncation Intervala K Density SE  95% CI AIC CV 
2008 MI Direct Hazard-rate Hermite 25 525 30c 4 18.3 2.4 14.1-23.9 3645.13 0.132 
   
Half-normal Cosine 50 475 30c 3 20.8 2.9 15.7-27.5 3655.34 0.141 
   
Hazard-rate Cosine 50 475 30c 4 21.7 3.2 16.4-28.7 3652.18 0.141 
  
Indirect Half-normal Cosine 20 10% 20 3 6.1 1.0 4.4-8.4 961.39 0.162 
   
Half-normal Cosine — 10% 20 2 4.8 0.8 3.4-6.6 1214.01 0.165 
      Hazard-rate Cosine — 10% 20 3 4.9 0.8 3.5-6.8 1215.29 0.165 
aUnits are meters for direct distance sampling and centimeters for indirect distance sampling, unless provided otherwise. 
  bManually selected intervals 
          
cEqual intervals 
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CHAPTER 3: WHITE-TAILED DEER SURVIVAL AND DISPERSAL IN AN 
AGRICULTURAL LANDSCAPE 
 
INTRODUCTION 
White-tailed deer (Odocoileus virginianus) are an economically and socially 
important species in the agriculturally-dominated landscape of the midwestern United 
States.  Due to the value of white-tailed deer to numerous stakeholders (i.e., hunting and 
nonhunting public, state and federal agencies), deer ecology (e.g., survival, dispersal, 
home range) is a continual focus of research in the region.   
Survival rates of white-tailed deer in Illinois and other midwestern states vary due 
to landscape (e.g., composition of forest cover, road density) and deer harvest levels.  
White-tailed deer harvest in Illinois has increased steadily since 1957 with hunting as the 
primary source of deer mortality in the state (Nixon et al. 2001).  Nixon et al. (1991) 
reported annual survival rates in east-central Illinois of adult males and females and 
yearling males and females as 0.39, 0.71, 0.38, and 0.62, respectively.    In northern 
Illinois, Nixon et al. (1994) documented annual survival rates for adult males of 0.39-
0.56.  Brinkman et al. (2004) published an annual adult female survival rate of 0.77 in 
southwestern Minnesota.  Fawn survival rates range from 0.67 to 0.81 in southern 
Michigan (Burroughs et al. 2006, Hiller et al. 2008). 
Dispersal rates and distances of male white-tailed deer decreased with greater 
amounts of forest landcover and increased with greater fragmentation (Nixon et al. 1991, 
Long et al. 2005, Skuldt et al. 2008).  Dispersal generally occurs during family breakup 
and in early fall (Nixon et al. 1994), and is often caused by social pressures in the 
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population (Rosenberry et al. 2001).  Population density does not appear to influence 
dispersal rate or distance in white-tailed deer (Nixon et al. 1991, Long et al. 2005, Skuldt 
et al. 2008).  On average, 50% of male and female fawns disperse in east-central Illinois 
(Nixon et al. 1991), but rates range from 0.39 to 0.65 (Nixon et al. 2007).  Males 
maintain a similar dispersal rate from fawn to yearling age classes, but dispersal rates 
decrease with maturity (Hawkins et al. 1971, Nixon et al. 1994).  Skuldt et al. (2008) 
reported a dispersal rate for yearling males of 0.45 in Wisconsin, but only <0.01 (1 of 
108) for yearling females.  About 20% of yearling females dispersed in Illinois (Nixon et 
al. 1991).  Natal philopatry of females is associated with the matrilineal system of white-
tailed deer (Severinghaus and Cheatum 1956, Hawkins and Klimstra 1970).  
 Survival and dispersal rates are important demographic parameters when 
examining disease spread (Miller et al. 2000, Joly et al. 2006). These vital rates are even 
more important to modeling efforts when there is active disease management occurring 
within a region, as is occuring with bovine tuberculosis in Michigan (O’Brien et al. 
2006).  Updates to >20 year-old estimates of survival and dispersal rates of deer in east-
central Illinois are needed since Illinois conducts active chronic wasting disease (CWD) 
management and given newly discovered locations of CWD-positive deer elsewhere in 
the Midwest (i.e., Missouri; NWHC 2010).  The goal of this chapter was to quantify sex, 
age, and season-specific survival and dispersal rates of white-tailed deer in east-central 
Illinois, USA. 
 
STUDY AREA 
 I conducted field work on lands immediately surrounding the Lake Shelbyville 
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Project (LSP, 13,892 ha) operated by the U.S. Army Corps of Engineers in Moultrie and 
Shelby counties, Illinois (Figure 3.1).  Within the Lake Shelbyville Project are Lake 
Shelbyville (4451 ha), Eagle Creek State Park (921 ha), Wolf Creek State Park (832 ha), 
and Lake Shelbyville Fish and Wildlife Management Area (LSFWA).  The LSFWA is 
divided into the West Okaw (1,129 ha) and Kaskaskia (1,475 ha) units.  The majority of 
land area surrounding the LSP is row-crop agriculture, primarily planted with corn (Zea 
mays) and soybeans (Glycine max).  Landcover classes present include agriculture (e.g., 
row-crop, hay field; 45.0%), developed (e.g., parking lots, homesteads; 4.0%), field (e.g., 
fallow field, pasture; 18.0%), forest (e.g., hardwoods, conifer; 18.0%), wetland (5.0%), 
and water (e.g., stream, lake; 10.0%). 
 The median period between first and last frost-free days on the study area was 
183 days (MRCC 2000).  Average annual temperature ranged from 20.1° C in spring and 
summer (Apr–Sep) to 3.9° C in fall and winter (Oct–Mar; MRCC 2000).  Average annual 
rainfall was 100.1 cm and average annual snowfall was 54.4 cm (MRCC 2000). 
 
METHODS 
White-tailed Deer Capture 
I captured white-tailed deer using tranquilizer darting (Pneu-dart Inc., 
Williamsport, Pennsylvania, USA), modified clover traps (Clover 1954, Thompson et al. 
1989), drop nets (Ramsey 1968), and rocket nets (Hawkins et al. 1968).  I baited white-
tailed deer to capture sites with corn and apples during the winters (Dec-Mar) of 2005-08.   
I immobilized captured white-tailed deer with an intramuscular injection (3cc) of a 2:1 
mix of Telazol (Tiletamine HCl, 2 mg/kg and Zolazepam HCl, 4 mg/kg; Fort Dodge 
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Laboratories, Inc., Fort Dodge, Iowa, USA) and Rompun (Xylazine HCl, 2 mg/kg; 
Mobay Corporation, Shawnee, Kansas, USA) for darting (Murray et al. 2000) and a 9:1 
mix of Ketaset (Ketamine HCL, 10 mg/kg, Fort Dodge Laboratories, Inc., Fort Dodge, 
Iowa, USA ) and Rompun for all other methods.  I marked captured white-tailed deer 
with uniquely numbered ear tags; ears were disinfected with iodine prior to and after 
attachment.  Captured white-tailed deer received either a VHF ear-tag transmitter 
(Advanced Telemetry Systems, Inc., Isanti, Minnesota, USA; 13 g), Global Positioning 
System (GPS) collar (Telonics, Inc., Mesa Arizona, USA; 700 g), or VHF radiocollar 
(Advanced Telemetry Systems, Inc., Isanti, Minnesota, USA; 500 g).  I determined age 
via the tooth wear and development method (Severinghaus 1949).  I assessed capture 
myopathy by monitoring white-tailed deer daily for 4 weeks after capture (Beringer et al. 
1996, Haulton et al. 2001).  Capture and handling procedures were approved by Southern 
Illinois University Carbondale’s Institutional Animal Care and Use Committee (protocol 
06-002). 
 
Radiotelemetry 
During January 2006 to September 2009, I located white-tailed deer radiomarked 
via VHF transmitters using a receiver; a handheld, 4-element Yagi antenna; and a 
compass (White and Garrott 1990). I obtained locations from 0500 to 2300 h for VHF-
marked white-tailed deer >3 times per week.  To obtain each location, I took >3 bearings 
with <20 minutes between the first and last bearing.  I entered radiotelemetry data into 
LOCATE III to estimate white-tailed deer locations (Nams 2006); estimated location 
error was  ± SE = 1.3 ± 0.02 ha.   
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Global positioning system (GPS) collars were programmed to take geographic 
coordinates (hereafter, referred to as locations) every 2 hours except during the 
fall/winter season (Oct–Dec), when locations were taken every hour.  Global positioning 
system collars were equipped with VHF transmitters for mortality or detachment 
monitoring.  Mortality signals on VHF transmitter were programmed to initiate after 6-
hours with no movement.  I located GPS collars and downloaded locations upon collar 
detachment from a white-tailed deer (ca. 1 year post attachment).   
 
Survival 
When not collecting locations, I monitored survival of radiomarked white-tailed 
deer at least once weekly.  If unable to locate a white-tailed deer for 10 days, I searched 
for the animal using a Cessna 172 aircraft with 2 H-Adcock antennas mounted to the 
wing struts.  When a mortality signal was detected via radiomonitoring, I retrieved the 
carcass and performed a field investigation to determine the cause of mortality.  I 
classified mortalities into 4 categories: predator, hunter-related, deer-vehicle-accident 
(DVA), and unknown.   
I used the known-fates model (Kaplan-Meier survival analysis [Kaplan and Meier 
1958] modified for staggered entry [Pollock et al. 1989]) in Program MARK to estimate 
annual and seasonal survival rates for fawn (<12 months old), yearling (12-23 months 
old), and adult (>24 months old) white-tailed deer organized by 2-week intervals (White 
and Burnham 1999).  Upon reaching 15 May, age classes of actively monitored white-
tailed deer were adjusted to the next class.  I right-censored survival data for analysis.  I 
divided the year into 3 seasons similar to Nixon et al. (1991): summer (15 May-30 Sep), 
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fall/winter season (1 Oct–15 Dec), and winter/spring season (16 Dec–14 May).  Full-
season survival rates were calculated from the beginning to end of each season with 
annual survival rates calculated as the multiplication of full-season-survival rates (White 
and Burnham 1999).  Standard errors for full season and annual survival rates were 
calculated using the delta method (Efron 1981).  I constructed 13 a priori models for 6 
groups (adult male, AM; yearling male, YM; fawn male, FM; adult female, AF; yearling 
female, YF; and fawn female, FF) across the 3 seasons (Table 3.1).  I used Akaike’s 
Information Criterion adjusted for small sample sizes (AICc) to rank and select models 
(Burnham and Anderson 2002).  I considered models <2 ∆AICc units from the top model 
to be equally parsimonious (Burnham and Anderson 2002).  When multiple parsimonious 
models occurred, I used the model-averaging feature in MARK to estimate survival rates.  
I generated Akaike weights (ωi) between models to determine the relative degree that 
each model supported the data (Burnham and Anderson 2002).  Goodness-of-fit tests are 
unavailable for the known-fates model; therefore, I performed a sensitivity analysis of the 
variance inflation factor ( , Brasher et al. 2006).  I used Program MARK to adjust  in 
small increments (0.25) from 1 (no overdispersion) to 3 (extreme overdispersion), 
examining model ranking for change (Brasher et al. 2006, Bloomquist and Nielsen 2010).  
I made post hoc comparisons (α = 0.05) of 2-week-interval survival rates by season 
between and within groups (e.g., male summer survival rate vs. female summer survival 
rate) using Program CONTRAST (Hines and Sauer 1989). 
 
Dispersal 
I considered a white-tailed deer a disperser if it left its minimum convex home 
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range (C. Anderson, unpublished data) and was not relocated by radiotelemetry within 
that home range again (Stenseth and Lidicker 1992).  I used the known-fates model in 
Program MARK to estimate dispersal rates for the entire study period organized by 2-
week intervals, treating the dispersal event as if it were a mortality (Bloomquist and 
Nielsen 2010).  I right-censored data for analysis. I constructed 9 a priori models for 6 
groups (AM, YM, FM, AF, YF, FF; Table 3.2).  I used methods similar to survival 
analysis in ranking and averaging models, calculating ωi, and conducting sensitivity 
analyses of . 
 
RESULTS 
I monitored 105 individual white-tailed deer (58 M, 47 F; 22 adults, 30 yearlings, 
53 fawns) for 35,478 radiodays ( ±SE = 159 ± 17.0 days per deer) for survival and 
dispersal analysis.  Only 8 animals (7%) lost transmitters (transmitter pulled out of ear or 
strap failed) during the current study.  There were 12 transmitter failures (11%; e.g., 
broken antenna, battery exhaustion) confirmed via visual observation.   
 
Survival 
 Thirty-nine radiomarked white-tailed deer died (Figure 3.2); of these, 23 were 
males (12 adults, 9 yearlings, 2 fawns) and 16 were females (9 adults, 6 yearlings, 1 
fawn)   Five white-tailed deer died from unknown causes, 6 died from DVA, 1 died from 
predators (coyote, Canis latrans), and 27 were hunter-related (i.e., hunter harvest or 
hunter wounding).  Of the 5 unknown mortalities, 4 were found in Lake Shelbyville but 
drowning was not confirmed as the cause of death.  The cause of the other case of 
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unknown mortality could not be confirmed due to extensive scavenging.  Hunters 
harvested white-tailed deer an average (± SE) straight-line distance of 15.1 ± 4.7 km and 
a median distance of 3.9 km from the point of capture.  One adult female moved a 
straight-line distance of 8.1 km from its home range to presumably birth a fawn and 
subsequently died via DVA.  
 For 1 < ĉ <2.5, there was no change in order of survival models.  The top model 
and the number of parsimonious models changed when ĉ = 3.0, although model S8 (top 
model from ĉ = 1.0) remained within the parsimonious model set and had the lowest 
deviance (Table 3.3).  Due to some data overdispersion, I present results from 2 model 
sets (ĉ = 1.0 and ĉ = 3.0).  There was only 1 most-parsimonious model (S8) for model set 
1 (ĉ = 1.0), which had 30.7 times more weight than the next model (Table 3.3).  There 
were 3 parsimonious models for model set 2 (ĉ = 3.0), of which the top model (S6) had 
>1.3 times more weight than the next best models (S8, S4; Table 3.3).  Model S6 indicated 
that survival differed among 3 seasons (winter/spring, summer, fall/winter), and Model S4 
indicated that survival differed between males and females.  Model S8 was the 
combination of models S6 and S4 (Table 3.3).   
For model set 1 (ĉ = 1.0), the full-season survival rate of males ranged from 0.56 
to 0.95, with an annual survival rate of 0.50 ± 0.08 (Table 3.4).  The full-seasonal 
survival rate of females ranged from 0.94 to 0.95, with an annual survival rate of 0.85 ± 
0.06 (Table 3.4).  Based on post-hoc tests, estimates of 2-week survival rates for males 
from model set 1 were lower for fall/winter survival than the other 2 seasons (Table 3.5).  
Estimates of 2-week survival rates for females from model set 1 were similar across 
seasons (Table 3.5).  Two-week survival rates differed by season between males and 
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females, but the fall/winter season was the only season that was significant with males 
having a lower survival rate than females (Table 3.6). 
For model set 2 (ĉ = 3.0), the full-season survival rate of males ranged from 0.76 
to 0.92, with an annual survival rate of 0.64 ± 0.09 (Table 3.4).  For model set 2, the full-
season survival rate of females ranged from 0.88 to 0.95, with an annual survival rate of 
0.78 ± 0.05 (Table 3.4).  Based on post-hoc tests there appeared to be no difference 
among estimates of 2-week survival rates model set 2 by season for either sex (Table 3.5) 
nor between males and females for any season (Table 3.6). 
 
Dispersal 
Thirty-four white-tailed deer dispersed; of these, 24 were males (5 adults, 14 
yearlings, 5 fawns) and 10 were females (0 adults, 8 yearlings, 2 fawns).  The top 2 
dispersal models remained parsimonious for all adjustments of ĉ, and there was no 
change in model rankings (Table 3.7); therefore, I made inferences based on ĉ = 1.0.  The 
top 2 models were D9 (all yearlings and fawns pooled) and D8 (yearlings and fawns 
pooled by sex) with D9 having 1.9 times more weight.  Averaging across parsimonious 
models, the dispersal rates for yearling and fawn males and yearling and fawn females 
were 0.44 ± 0.07 and 0.41 ± 0.07, respectively.  The dispersal rate for adult males was 
0.46 ± 0.15 and no adult females dispersed.  Known mortalities of dispersed white-tailed 
deer occurred an average straight-line distance of 23.7 ± 5.7 km from the point of 
capture, but a median distance of only 12.5 km.  Long-distance dispersals were observed 
in 5 male fawns (42-95 km) and 1 female fawn (96 km, Figure 3.3). 
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DISCUSSION 
 Nixon et al. (1991) provided seminal work on white-tailed deer ecology in 
agriculturally-dominated regions of the midwestern U.S.  Throughout this discussion, I 
make direct comparisons to their work, however it should be noted there may be 
differences in comparisons due to pooling for best-fit modeling and slight variation in 
season dates (Table 3.8).   
 
Survival 
 The percentage of deaths related to DVA in my study was comparable to the 
percentage reported by Nixon et al. (2001) and within the range (5-23%) of previous 
reports in agriculturally dominated regions of the Midwest (Nixon et al. 1991, Brinkman 
et al. 2004).  In suburban and exurban landscapes, the top mortality source of deer is 
often DVA (Etter et al. 2002, Porter et al. 2004, Storm et al. 2007).  Lower percentages of 
deaths attributed to DVA in agricultural areas than developed landscapes is likely due to 
many sources, including vehicle speed, human density, differences in hunting pressure, 
and deer density. 
Predators killed few white-tailed deer >6-months-old on the study area, as is 
generally true in areas free of top carnivores (e.g., cougar, Puma concolor; bear, Ursus 
spp.; Nixon et al. 1991, 2001, Brinkman et al. 2004).  I did not examine survival of 
younger fawns (<6-months-old), but Nixon et al. (1991) found few fawns depredated in 
east-central Illinois.  However, other studies in agriculture-dominated regions of the 
midwest found predation to be the leading mortality source for young fawns (Brinkman 
et al. 2004, Rohm et al. 2007, Hiller et al. 2008).  Furthermore, studies across the United 
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States report that predation is a significant source of fawn mortality (Cook et al. 1971, 
Vreeland et al. 2004, Carstensen 2009). 
  Regardless of model set, full-season survival rates for males during 
winter/spring of were similar to estimates of adult male survival and higher than yearling 
male survival rates previously reported by Nixon et al. (1991) for a similar time frame 
(Jan-May, Table 3.8).  For both model sets, full-season survival for males and females 
during winter/spring was within ranges of survival rates reported for both adult and 
yearling males in the Midwest (Table 3.8).  Survival rates of males and females were 
similar during winter/spring for many suburban and agriculturally dominated regions, 
conversely rates in this study are higher than seen in the upper peninsula of Michigan 
where there is greater winter mortality (i.e., weather induced mortality; Van Deelen et al. 
1997; Table 3.8).    
For both model sets, full-season survival of males during summer was similar to 
adult and yearling male rates previously published in agricultural region in Illinois 
published by (Nixon et al. 1991) for a similar time frame (June-Sept, Table 3.8).    
Furthermore, full-season survival rates for summer of males and females are within the 
ranges reported within the Midwest (Table 3.8).  During summer, only the upper 
peninsula of Michigan had biologically significant lower survival rates than this study, bu 
these lower rates were for juveniles and attributed to predation (Van Deelen et al. 1997, 
Table 3.8).  Regardless of model set, full-season survival rates for females during 
summer were similar to rates of adult females and greater than the yearling female rates 
reported by Nixon et al. (1991).   
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The full-season survival rate of females during the fall/winter season for both 
model sets was higher than the survival rate of adult females documented by Nixon et al. 
(1991), but in model set 2 it was similar to the survival rate reported for yearling females 
during a relatively similar time frame (Oct-Dec, Table 3.8).  However, full-season 
survival of females is within the ranges of other reports in the Midwest (Table 3.8).  The 
full-season survival rate of males during the fall/winter season for both model sets were 
higher than survival of adult males documented by Nixon et al. (1991), but in model set 1 
it was similar to the survival rate reported for yearling males (Table 3.8).  Full-season 
survival rates of males during the fall/winter season are within the range of rates reported 
in the Midwest (Table 3.8).    
As with Nixon et al. (1991), the fall/winter season represented the period with the 
lowest survival rates (2-week-interval survival rate) for males in model set 1.  The 
fall/winter season corresponds with most deer hunting seasons in the U.S.  Hunting is the 
top mortality source for adult deer throughout most of their range (Fuller 1990, Van 
Deelen et al. 1997, Brinkman et al. 2004).  Although hunting continues to be the largest 
source of mortality in the region and the state, other stressors during the fall/winter 
season perhaps contribute to reduced survival.  Row-crop harvest occurs during the 
fall/winter season, creating a loss of forage and cover (Nixon et al. 1991).  During the 
fall/winter season, males expend large amounts of energy seeking females and battling 
other males (Mautz 1978).  Mortality due to DVA may also contribute to lower survival 
during fall/winter for deer as it is the peak time for DVA (Finder et al. 1999).  For model 
set 1, females had a greater 2-week-interval survival rate than males during fall/winter 
season, which is likely due to male bias in the harvest (Coen et al. 1980). 
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There is a history of concern for white-tailed deer populations in east-central 
Illinois, such that low deer population numbers in 1999 led the Illinois Department of 
Natural Resources to restrict archery harvest in 5 counties in the region (Champaign, 
DeWitt, Macon, Moultrie, and Piatt; Miller and Shelton 2000).  However, the archery 
restriction has since been lifted, and hunting was the top mortality source for white-tailed 
deer in east-central Illinois in my study, as in much of the agricultural Midwest (Nixon et 
al. 1991, Brinkman et al. 2004).  Regardless of model set (ĉ = 1.0 or ĉ = 3.0), annual 
survival rates for both males and females were higher than previously reported in east-
central Illinois (Nixon et al. 1991), which may lend support to the previous lifting of the 
archery restrictions for the region.   
Annual survival rates for both model sets of males and females were greater than 
previously reported in east-central Illinois (Nixon et al. 1991; Table 3.8).  Greater annual 
survival rates than elsewhere in the Midwest may be a sign of lower hunter pressure 
and/or success within the region.  Hunter efficiency and success were similar between 
east-central Illinois and southern Illinois (see CHAPTER 1), although there is more 
huntable habitat within southern Illinois.  Perhaps the number of hunters within the 
central-Illinois region has dropped, resulting in increased survival rates of deer.  
 
Dispersal 
 Dispersal rates of white-tailed deer are generally elevated in agricultural 
landscapes relative to regions with greater amounts of forest landcover (Long et al. 
2005).  Fawn dispersal rates were 14-18% lower than reported by Nixon et al. (1991) and 
16-22% lower than documented by Nixon et al. (2007).  However, the dispersal rate of 
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yearling females was 51% greater than previously described by Nixon et al. (1991).  
Adult males had the highest dispersal rate, likely because the 2-year-old age class was 
included in this group, although this was based on a small sample.  Males tend to take 
longer than females to become sedentary (Nixon et al. 1991).  Adult females did not 
disperse, consistent with the findings of Nixon et al. (1991).  Dispersal generally occurred 
at the beginning and end of the summer, consistent with previous reports (Nixon et al. 
1991, 2007).  Average distance between point of capture and morality of dispersers was 
lower than the mean dispersal distance reported by Nixon et al. (1991), but was 
comparable to distances reported by Nixon et al. (2007).  However, 4 long-distance 
dispersals were well beyond the average recorded by Nixon et al. (1991).  The current 
study concurs with the assertion that white-tailed deer can disperse over 40-50 km but do 
so infrequently (Nixon et al. 2007).   
 Adult female dispersal rates were within the ranges previously described in the 
Midwest (Table 3.9).  Adult females seem relatively sedentary regardless of habitat 
(Nixon et al. 1991, Purdue et al. 2000, Porter et al. 2004, Nixon et al. 2007), as expected 
given female groups are matriarchal.  Dispersal of females yearlings and fawns were 
within the fawn ranges previously reported in the Midwest, but higher than the range of 
yearling dispersal rates (Table 3.9).  Etter et al. (1995) reported that orphaning may 
increase female dispersal.  Hunting was the main mortality source and increased harvest 
of females in the region relative to historical levels may explain why yearling female 
dispersal rates were greater than previous reports (Table 3.9).  Male adults dispersed at a 
higher rate than previously described in the Midwest (Table 3.9), but this may be 
attributed to low sample size.   
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Long-distance dispersals are more common in agricultural areas than forest-
dominated regions (Long et al. 2005). Nixon et al. (1994) documented a male that 
dispersed 161 km, and Oyer et al. (2007) reported a female that dispersed 98 km in 
agricultural landscapes. These long-distance dispersals may be due in part to the lower 
amount of forest cover (Long et al. 2005) combined with social pressures forcing deer to 
disperse (Long et al. 2008). 
  Models of CWD play a pivotal role in the deer management strategies of 
agencies (e.g., Wisconsin Department of Natural Resources, Vaske et al. 2004).  
Although dispersal is likely an important mechanism for disease transmission among 
mammals (Gross and Miller 2001), a species’ survival rate dictates the duration of which 
an animal may transmit a disease to another.  This reasoning makes knowledge of 
survival and dispersal rates vital to understanding and managing CWD in the agricultural 
Midwest.   
   
MANAGEMENT IMPLICATIONS 
Males and females may be surviving more than previously reported in east-central 
Illinois, which may have implications on dispersion models for diseases.  Higher survival 
rates within the region may indicate a greater number of deer available to potentially 
transmit a disease.  Hunting is the top mortality source in the region and for the state, thus 
management seems to rest solely on adjustments to hunting seasons or permits.  Little is 
known on fawn survival and movement within the east-central region, further work is 
needed to investigate fawn survival for examination into population recruitment in the 
region.  The observation of long-distance dispersal by both sexes found in the current 
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study suggests that dispersers could carry CWD or other diseases to distant populations.  
However, to fully examine influences on CWD dispersion, further work is needed to 
examine dispersal paths and how behavior and habitat may influence dispersal distance 
and perhaps destination in the agriculturally-dominated Midwest.    
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Table 3.1. Models used to estimate survival rates of white-tailed deer (Odocoileus virginianus) in east-central Illinois, USA, 2006–09. 
Model Ka Description 
S1 270 Includes all main effects and interaction terms 
S2 1 Survival is constant (null model) 
S3 3 Survival varies by age 
S4 2 Survival varies by sex 
S5 6 Survival varies by age and sex 
S6 3 Survival varies by 3 seasons  
S7 9 Survival varies by 3 seasonsb and age 
S8 6 Survival varies by 3 seasonsb and sex 
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Table 3.1.  Continued. 
Model Ka Description 
S9 16 Survival varies by 3 seasonsb and sex and age 
S10 14 
Survival varies by 3 seasonsb for AM, YM, AF, and YF; 1 seasonc for FM; and 2 seasonsd for 
FF  
S11 13 
Survival varies by 3 seasonsb for AM, YM, AF, and YF; 1 seasonc for FM; and 2 seasonsd for 
FF, AMe and FMc were pooled 
S12 14 
Survival varies by 3 seasonsb for AM, YM, AF, and YF; 1 seasonc for FM; and 2 seasonsd for 
FF, FMc and FFf were pooled 
S13 13 
Survival varies by 3 seasonsb for AM, YM, AF, and YF; 1 seasonc for FM; and 2 seasonsd for 
FF, AMe, FMc, and FFf were pooled 
aNo. of parameters estimated 
bSummer, fall/winter, and winter/spring 
cSummer + fall/winter + winter/spring 
d Winter/spring + summer, fall/winter   
eWinter/spring 
fWinter/spring + summer  
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Table 3.2.  A priori models used to estimate dispersal rates of white-tailed deer 
(Odocoileus virginianus) in east-central Illinois, USA, 2006–09. 
 
Model Ka Description 
D1 115 Includes all main affects and interaction terms 
D2 1 Dispersal is constant 
D3 2 Dispersal varies by sex 
D4 3 Dispersal varies by age  
D5 6 Dispersal varies by age and sex  
D6 5 Dispersal varies by age and sex, YF and FF pooled  
D7 5 Dispersal varies by sex and age, YM and FM pooled 
D8 4 
Dispersal varies by sex and age; YM and FM pooled, YF 
and FF pooled  
D9 3 
Dispersal varies by sex and age; YM, FM, YF and FF 
pooled  
                
aNo. of parameters 
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Table 3.3. Top survival models for white-tailed deer (Odocoileus virginianus) in east-
central Illinois, USA, 2006-09.   Abbreviations: AICc, Akaike’s Information Criterion 
adjusted for small sample size; ∆AICc, change in AIC value from top model; ωi, Akaike 
wt; K, no. of parameters estimated; ĉ, variance inflation factor. 
 
Modela AICcb ∆AICc ωi K Deviance 
ĉ = 1.0 
     
S8 267.5 0.0 0.92 6 114.6 
S13 274.6 7.1 0.03 13 107.6 
S11 274.6 7.1 0.03 13 107.6 
S12 276.6 9.1 0.01 14 107.6 
S10 276.6 9.1 0.01 14 107.6 
ĉ = 3.0 
     
S6  96.7 0.0 0.47 3 43.7 
S8 97.2 0.5 0.36 6 38.2 
S4 100.1 3.4 0.08 2 49.2 
S2 100.9 4.2 0.06 1 51.9 
S3 103.4 6.7 0.02 3 50.4 
aModels are defined in Table 3.1 
bQAICc used for  ĉ = 3.0 models 
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Table 3.4. Seasonal (winter/spring [16 Dec–14 May], summer [15 May-30 Sep], fall/winter [1 Oct–15 Dec]) survival rates (S) 
estimates and 2-week interval estimates for each season from averaged top model sets (ĉ = 1.0 and ĉ = 3.0; ĉ, variance inflation factor) 
for white-tailed deer (Odocoileus virginianus) in east-central Illinois, USA, 2006–09.  Standard errors for full season were calculated 
using the delta method (Efron 1981).  
 
  Males 
 
ĉ = 1.0 ĉ = 3.0 
 
 
2-week interval Full season 2-week interval   Full season 
 
Season S SE   S SE   S SE   S SE n 
Winter/spring 0.994 0.004 
 
0.943 0.152 
 
0.990 0.006 
 
0.908 0.207 45 
Summer 0.994 0.004 
 
0.947 0.149 
 
0.991 0.007 
 
0.920 0.202 41 
Fall/winter 0.890 0.030   0.558 0.330   0.947 0.024   0.763 0.314 29 
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Table 3.4.  Extended. 
 
  Females 
 
ĉ = 1.0 ĉ = 3.0 
 
 2-week interval Full season 2-week interval   Full season  
Season S SE   S SE   S SE   S SE n 
Winter/spring 0.994 0.003 
 
0.939 0.104 
 
0.994 0.004 
 
0.938 0.163 37 
Summer 0.995 0.004 
 
0.956 0.100 
 
0.994 0.005 
 
0.951 0.157 37 
Fall/winter 0.988 0.007   0.941 0.104   0.974 0.013   0.875 0.294 28 
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Table 3.5.  Chi-square (χ2), degrees of freedom (df), and P-values of comparisons made 
between seasonal (winter/spring [16 Dec–14 May], summer [15 May-30 Sep], fall/winter 
[1 Oct–15 Dec]) 2-week-interval survival rates of white-tailed deer (Odocoileus 
virginianus) from 2 model sets (ĉ = 1.0 and ĉ = 3.0; ĉ, variance inflation factor) in east-
central Illinois, USA, 2006–09. 
 
  Male   Female 
Comparison χ2 df P-value   χ2 df P-value 
Overalla 87.730 2 <0.001 
 
 0.795 2 0.672 
Winter/spring vs summera  0.001 1  0.974 
 
 0.075 1 0.784 
Summer vs fall/wintera 11.820 1 <0.001 
 
 0.788 1 0.375 
Fall/winter vs 
winter/springa 11.867 1 <0.001 
 
 0.577 1 0.448 
Overallb  3.152 2  0.207 
 
12.320 2 0.314 
Winter/spring vs summerb  0.002 1  0.999 
 
 0.008 1 0.930 
Summer vs fall/winterb  3.039 1  0.081 
 
 2.222 1 0.136 
Fall/winter vs 
winter/springb  3.048 1  0.081    2.164 1 0.141 
a
ĉ = 1.0       
 
    
 
b
ĉ = 3.0 
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Table 3.6. Chi-square (χ2), degrees of freedom (df), and P-values of comparisons made 
between male and female white-tailed deer (Odocoileus virginianus) for overall and 
seasonal (winter/spring [16 Dec–14 May], summer [15 May-30 Sep], fall/winter [1 Oct–
15 Dec]) 2-week-interval survival rates from 2 model sets (ĉ = 1.0 and ĉ = 3.0; ĉ, 
variance inflation factor) in east-central Illinois, USA, 2006–09.  
 
Comparison χ2 df P-value 
Overalla  9.663 1 0.002 
Winter/springa  0.009 1 0.923 
Summera  0.037 1 0.848 
Fall/wintera 10.119 1 0.002 
Overallb  1.272 1 0.260 
Winter/springb  0.202 1 0.653 
Summerb  0.176 1 0.675 
Fall/winterb  0.938 1 0.333 
a
ĉ = 1.0       
b
ĉ = 3.0 
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Table 3.7. Top dispersal models for white-tailed deer (Odocoileus virginianus) in east-
central Illinois, USA, 2006–09. Abbreviations: AICc, Akaike’s Information Criterion 
adjusted for small sample size; ωi, Akaike weight; K, no. of parameters estimated. 
 
Modela AICc ∆AICc ωi K Deviance 
D9 281.6 0.0 0.47 3 86.0 
D8 282.9 1.3 0.25 4 85.2 
D7 284.2 2.5 0.13 5 84.5 
D6 284.9 3.2 0.09 5 85.2 
D5 286.2 4.5 0.05 6 84.5 
aModels are defined in Table 3.2 
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Table 3.8.  Selected annual and seasonal survival rates of white-tailed deer (Odocoileus virginianus) by age and sex in the United 
States, 1986-2010. 
 
        
Survival rate 
Region Citation Sex Age Annual 
January-
May 
June-
September 
October-
December 
Exurban southern Illinois Storm et al. 2007 Female Adult 0.87 — — — 
Suburban Chicago, Illinois Etter et al. 2002 
  
0.83 0.92 0.96 0.93 
North-eastern Minnesota Nelson and Mech 1986 
  
0.79 — — — 
Southern Minnesota Brinkman et al. 2004 
  
0.77a 0.95b 1.00c 0.80d 
Upper Peninsula Michigan Van Deelen et al. 1997 
  
0.77 0.89e 0.90f 0.96g 
East-central Illinois Nixon et al. 1991 
  
0.71 0.96 0.97 0.84 
North-central Minnesota Fuller 1990 
  
0.71 — — — 
Black Hills, South Dakota DePerno et al. 2000 
  
0.57 — — — 
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Table 3.8.  Continued. 
 
        
Survival rate 
Region Citation Sex Age Annual 
January-
May 
June-
September 
October-
December 
Suburban Chicago, Illinois Etter et al. 2002 Female Fawn — 0.85 — — 
East-central Illinois Nixon et al. 1991 
  
— 0.95 — — 
Upper Peninsula Michigan Van Deelen et al. 1997 
  
— 0.68e — — 
East-central Illinois This studyh Female Pooledi 0.78 0.94j 0.95k 0.88l 
East-central Illinois This studym 
  
0.85 0.94j 0.96k 0.94l 
Upper Peninsula Michigan Van Deelen et al. 1997 Female Yearling 0.89 0.93e 1.00f 0.95g 
Suburban Chicago, Illinois Etter et al. 2002 
  
0.82 0.92 0.97 0.92 
North-eastern Minnesota Nelson and Mech 1986 
  
0.80 — — — 
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Table 3.8.  Continued. 
 
        
Survival rate 
Region Citation Sex Age Annual 
January-
May 
June-
September 
October-
December 
East-central Illinois Nixon et al. 1991 
  
0.62 0.97 0.85 0.67 
North-central Minnesota Fuller 1990 
  
0.60 — — — 
North-eastern Minnesota Nelson and Mech 1986 Male Adult 0.47 — — — 
North-central Minnesota Fuller 1990 
  
0.44 — — — 
East-central Illinois Nixon et al. 1991 
  
0.39 0.90 0.92 0.48 
Upper Peninsula Michigan Van Deelen et al. 1997 
  
0.22 0.78e 1.00f 0.26g 
Suburban Chicago, Illinois Etter et al. 2002 
  
— 0.93 1.00 0.89 
East-central Illinois Nixon et al. 1991 Male Fawn — 0.88 — — 
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Table 3.8.  Continued. 
 
        
Survival rate 
Region Citation Sex Age Annual 
January-
May 
June-
September 
October-
December 
Upper Peninsula Michigan Van Deelen et al. 1997 
  
— 0.72e — — 
East-central Illinois This studym Male Pooled 0.50 0.94j 0.95k 0.56l 
East-central Illinois This studyh 
  
0.64 0.91j 0.92k 0.76l 
North-central Minnesota Fuller 1990 Male Yearling 0.48 — — — 
East-central Illinois Nixon et al. 1991 
  
0.38 0.63 0.94 0.58 
Upper Peninsula Michigan Van Deelen et al. 1997 
  
0.25 1.00e 0.83f 0.32g 
North-eastern Minnesota Nelson and Mech 1986 
  
0.41 — — — 
South-western Michigan Burroughs et al. 2006 Male and female Fawn 0.75
n
 — — — 
South-central Iowa Huegel et al. 1985 
  
0.73 — — — 
 
 
 82 
 
Table 3.8.  Continued. 
 
        Survival rate 
Region Citation Sex Age Annual 
January-
May 
June-
September 
October-
December 
Southern Illinois Rohm et al. 2007 
  
0.59 — — — 
North-eastern Minnesota 
Nelson and Mech 
1986     — 0.31 — — 
aYear 2001 only 
       bJanuary-April  
       cMay-August 
       dSeptember-December 
       e2 January-31 May 
       f1 June-30 September 
       g1 October-1 January 
       h
ĉ = 3.0, inflation factor 
       iPooled age per best-fit modeling 
      j16 December-14 May 
       k15 May-30 September 
       l1 October–15 December 
       m
ĉ = 1.0, inflation factor 
       nYear 2002 
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Table 3.9.  Selected dispersal rates of white-tailed deer (Odocoileus virginianus) by age and sex in the United States, 1986-2010. 
 
Region Citation Sex Age Dispersal rate 
Eastern Nebraska VerCauteren and Hygnstrom 1998 Female Adult 0.30 
Southern Illinois Hawkins et al. 1971 0.07 
Southern Minnesota Brinkman et al. 2005 0.04 
Southern Illinois Hawkins and Klimstra 1970 0.00 
East-central Illinois This study 0.00 
East Illinois Nixon et al. 1991 Female Fawn 0.50 
Eastern Illinois Nixon et al. 2007 0.49 
Northern Illinois Nixon et al. 2007 0.45 
Western Illinois Nixon et al. 2007 0.22 
Suburban Chicago, Illinois Etter et al. 2002 0.07 
Southern Minnesota Brinkman et al. 2005 0.04 
East-central Illinois This study Female Fawn and yearling 0.41 
East Illinois Nixon et al. 1991 Female Yearling 0.21 
Southern Illinois Hawkins and Klimstra 1970 0.13 
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Table 3.9.  Continued. 
 
Region Citation Sex Age Dispersal rate 
Southern Illinois Hawkins et al. 1971 0.13 
Suburbab Chicago, Illinois Etter et al. 2002 Female Yearling and adult 0.06 
East-central Illinois This study Male Adult 0.46 
Southern Illinois Hawkins et al. 1971 0.10 
Southern Illinois Hawkins and Klimstra 1970 0.07 
Western Illinois Nixon et al. 2007 Male Fawn 0.78 
Northern Illinois Nixon et al. 2007 0.68 
Eastern Illinois Nixon et al. 2007 0.57 
East Illinois Nixon et al. 1991 0.51 
Suburbab Chicago, Illinois Etter et al. 2002 0.50 
East-central Illinois This study Male Fawn and yearling 0.44 
Southern Illinois Hawkins and Klimstra 1970 Male Yearling 0.80 
Southern Illinois Hawkins et al. 1971 0.80 
Northern Illinois Nixon et al. 1994 0.75 
Western Pennslvania Long et al. 2005 0.74 
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Table 3.9.  Continued. 
 
Region Citation Sex Age Dispersal rate 
Western Illinois Nixon et al. 1994 0.71 
Eastern Illinois Nixon et al. 1994 0.55 
Central Pennslvania Long et al. 2005 0.46 
Suburbab Chicago, Illinois Etter et al. 2002 Male Yearling and adult 0.07 
Southern Illinois Hawkins et al. 1971 Male and female Fawn 0.04 
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Figure 3.1.  Study area used for investigation into white-tailed deer (Odocoileus 
virginianus) survival and dispersal rates in east-central Illinois, 2006-09. 
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Figure 3.2.  Mortality locations of white-tailed deer (Odocoileus virginianus) captured on 
the Lake Shelbyville study area in east-central Illinois, 2006-09. 
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Figure 3.3.  Histogram of known dispersal distances of white-tailed deer (Odocoileus 
virginianus) in east-central Illinois, 2006-09. 
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CHAPTER 4: SUMMER HABITAT USE BY WHITE-TAILED DEER IN AN 
AGRICULTURAL LANDSCAPE 
 
INTRODUCTION 
Habitat structure and composition strongly influence white-tailed deer space use 
(Walter et al. 2009), survival (Rosenberry et al. 1999) and dispersal (Nixon et al. 2001, 
Long et al. 2005).  Due to the importance of the summer season to white-tailed deer, 
several studies have assessed habitat selection during this time (Larson et al. 1978, Beier 
and McCullough 1990, DePerno et al. 2003).  For males, summer energetic demand 
revolves around antler growth and initiation of fat deposition for winter (Mautz 1978).  
During the summer, males aggregate into relatively small bachelor groups, so summer is 
an important period for social interactions (Verme 1988).  Females select secluded areas 
containing relatively thick cover to birth fawns in early summer (DePerno et al. 2003).  
During the remainder of the summer, females select habitat that is favorable to fawn 
survival (Main 2008), and that provides adequate nutrition to accommodate nursing 
fawns and to begin the accumulation of energetic reserves for the winter (Mautz 1978).   
Furthermore, within east-central Illinois, females still maintain smaller home ranges 
compared to males (female home range, ± SE = 43.2 ± 4.2 ha; males home range,  = 
53.1 ± 6.2 ha; Charles Anderson, Southern Illinois University Carbondale, unpublished 
data; Appendix B) during summer (a time of peak forage production), perhaps signifying 
the variation in summer habitat use between sexes.    
Sexual segregation is defined as sex differences in spatial organization and 
resource use (Clutton-Brock et al. 1982, Main et al. 1996), and is known to occur in 
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white-tailed deer outside the mating season (McCullough et al. 1989, Kie and Bowyer 
1999, Stewart et al. 2003).  Two leading hypotheses to explain sexual segregation are the 
reproductive-strategy hypothesis (RSH) and the forage-selection hypothesis (FSH; Main 
2008).  Main (2008) defined the RSH as sexual segregation that occurs in response to 
different selective pressures that influence the reproductive success of each sex; whereas, 
FSH is sexual segregation that occurs among sexually dimorphic ungulates in response to 
sex differences in dietary requirements and digestive efficiency.  Regardless of which 
hypothesis has the most support, the presence of sexual segregation in ungulates has 
management implications (Main 2008).  By examining differences in habitat use between 
the sexes, biologists can improve understanding of white-tailed deer ecology and enhance 
management prescriptions.   
Four orders of habitat selection are commonly delineated in wildlife studies: (1) 
selection at the level of distributional and geographical patterns, (2) selection of home 
ranges, (3) selection of habitat used within the home range, and (4) selection of forage 
and cover at a site (Johnson 1980).  Over the last few decades, wildlife research has 
revealed the importance of assessing multiple scales when analyzing wildlife-habitat 
relationships (Bissonette 1997, Morrison et al. 1998).  When examining habitat use in 
ungulates, scale of analysis is an important consideration (Bowyer 2004, Gregory et al. 
2009).   
Habitat use by white-tailed deer may be influenced by microhabitat (i.e., site-level 
variables measured within patches) and macrohabitat (i.e., larger-scale measures 
pertaining to patch arrangement on the landscape) characteristics.  Microhabitat variables 
include measurements of vegetative structure at specific sites, such as basal area and 
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understory density (DePerno et al. 2003, Klaver et al. 2008).  Macrohabitat variables 
include measurements such as patch size and shape, and are frequently quantified using 
remotely sensed landcover data in a geographic information system (GIS, O’Neil et al. 
2005). 
 Structural changes in agricultural landscapes are frequent and abrupt (temporally 
and spatially) due to crop harvest and rotation and human development.  However, few 
published reports have examined macro- and microhabitat relationships of white-tailed 
deer in agriculturally-dominated landscapes where varying degrees of crop juxtaposition 
and interspersion with forest cover, can affect habitat selection, home ranges, and 
survival of deer (DePerno et al. 2003).  DePerno et al. (2003) reported that hiding cover 
may be important to females during summer.  Klaver et al. (2008) documented that 
survival of females increased with increases in basal area and mean diameter at breast 
height (DBH) of trees, percent cover of leftovers from timber cuttings, and tree distance 
from plot center.  I assessed habitat selection of white-tailed deer during the summer 
months in east-central Illinois with the objectives of examining potential differences in 
summer-sites used by sex and at multiple scales.   
 According to the RSH, females should use habitat to increase offspring survival 
and males should use the best foraging opportunities available (Main 2008).  Therefore, I 
hypothesized that females use sites according to security cover and males use more 
agricultural landcover to maximize quality forage intake during summer.  I predicted 
security cover related variables, such as percent visual obstruction, will be greater at 
female sites than male sites.  Furthermore, I predicted that forage related variables, such 
as amount of agriculture landcover, will be greater at male sites than female sites.  The 
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FSH contends that segregation of sexes is based on dietary requirements and digestive 
efficiency, such that females require higher quality forage because they are smaller and 
less digestively efficient (Main 2008).  Therefore, I hypothesize that females use sites to 
consume higher-quality diets than males during summer.  Based on this hypothesis, I 
predicted that forage related variables, such as amount of agriculture landcover, would be 
greater at female sites than males.  Furthermore, I predicted that variables related to forest 
landcover at sites used by males would be greater than females.   
 
STUDY AREA 
See  CHAPTER 3 study area description. 
 
METHODS 
White-tailed Deer Capture  
See CHAPTER 3 white-tailed deer capture description. 
 
Radiotelemetry 
See CHAPTER 3 radiotelemetry description. 
 
Habitat Variables 
 Microhabitat.—During June-August 2007-09, I measured habitat features from 
circular plots (radius = 10 m; modified from DePerno et al. 2003) centered on white-
tailed deer locations randomly selected from telemetry data (VHF and GPS).  I attempted 
to measure habitat variables from ≥30 plots per white-tailed deer on locations recorded 
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during the previous summer (15 May–15 Sep), matching the date of measurement as 
closely as possible (<2 weeks) to the date the location was recorded.  Each location used 
by a white-tailed deer was paired with a random location 50-100 m away, at which the 
same habitat features were measured.  The distance of 50-100 m was chosen to ensure 
data collection was done in a timely manner as the relatively thick vegetation and deep 
ravines often slowed walking between locations.   Directions of random locations from 
actual deer locations were determined using the second hand on a wrist watch with 
distance selected from a random set of numbers between 50 and 100 m.  Habitat 
measurements at each plot included visual estimates of % ground cover of grass, forbs, 
shrubs <1 m in height, and bare earth (DePerno et al. 2003).  I used a modified 
Daubenmire (1959) plot method using a systematic grid of 5 1-m2 quadrats (1-m 
separation) within the circular plot (DePerno et al. 2003).  In addition, I recorded % 
canopy cover, woody stem count (>1 m in height and <5 cm in diameter), diameter at 
breast height (DBH) for woody stems with diameter >5 cm, tree count (number of trees 
that DBH was measured), and vertical cover at each plot (Avery and Burkhart 2002).  
Canopy cover was measured using a spherical densitometer and, and I averaged 
measurements at the plot center and 2 random points within the circular plot.  Woody 
stems were visually counted within 5-m of plot center.  I measured DBH using a tree 
caliper and converted DBH measurements to basal area (BA, m2 per ha) for each plot 
(Avery and Burkhart 2002).  Vertical cover was measured using 1-m2 visual obstruction 
cloth (Bowyer 1986, DePerno et al. 2003).  The obstruction cloth was divided into 100 
blocks (each 100-cm2) with the upper 50 representing visual obstruction of a standing 
white-tailed deer and the lower 50 representing visual obstruction of a bedded white-
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tailed deer.  Each block was considered obstructed if it was >50% covered.  I averaged 
vertical cover measurements taken 10 m from plot center in the 4 cardinal directions.   
  
Macrohabitat.—I conducted all GIS operations using ArcGIS 9.3 (Environmental 
Systems Research Institute, Redlands, California, USA) unless specified otherwise.  I 
created a ground-truthed landcover layer of the study area by digitizing polygons onto 
digital orthophoto quarter quadrangles (DOQQ).  Ground-truthing was conducted via 
vehicle surveys and examination of downloaded DOQQs.  I delineated 6 landcover 
categories: agriculture, developed, fallow field, forest, wetland, and water.  The 
agriculture class was characterized by row crops and hay fields; the developed class 
included parking lots and human dwellings; and fallow fields were represented by 
Conservation Reserve Program (CRP) buffers and pastures.  The forest landcover class 
was represented by hardwoods and conifers; wetlands were represented by moist soil 
areas that did not have continuous open water; and water landcover class was open water 
sources such as streams and lakes.  Within a GIS, I characterized landscape composition 
and structure within a 100-m radius of the same white-tailed deer locations and random 
locations used for the microhabitat analysis. The size of the buffer radius was selected to 
assess macrohabitat at a scale that was meaningful given (1) the limitations of the 
resolution of the land cover data and (2) desire for minimal overlap between buffers 
around random and used areas.  I then calculated landcover composition (patch level) and 
landscape structure variables based on the final landcover layer using FRAGSTATS 
Version 3 software (Table 4.1, McGarigal et al. 2002).    
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Statistical Analysis 
All statistical analyses were performed using SAS 9.2 (SAS Institute, Inc., Cary, 
North Carolina, USA).  Initially, I considered 9 microhabitat and 62 macrohabitat 
variables for modeling.  I used cluster analysis (PROC VARCLUS, Eigen Cut Off = 0.9), 
to identify groups of variables that were highly correlated among themselves and as 
uncorrelated as possible with variables in other clusters (Rohm et al. 2007, Kolowski and 
Nielsen 2008, Negro et al. 2009, Caprio et al. 2009).  I chose the most representative 
variable of each cluster based on the 1-R2 ratio (R2 is a correlation coefficient, SAS 
2003), resulting in 21 variables for further analysis (Table 4.1).  The 1-R2 ratio is the ratio 
of 1 minus the R2–value within its own cluster component to 1 minus the R2–value within 
the cluster component of the next closest cluster.  
 Based on these 21 variables, I compared habitat use between males and females 
using the PROC MIXED procedure.  I treated individual white-tailed deer as random 
effects and used the repeated statement to accommodate repeated measures from the 
same individual (Littell et al.1998).  I used an AIC modeling approach for comparison of 
actual to random locations (case-control, Hosmer and Lemeshow 2000).  I developed a 
set of a priori models based on my knowledge of white-tailed deer biology and literature 
review to examine habitat influences on deer summer-site use (Table 4.2).  Male and 
female locations were combined for this analysis to examine overall site use.  Twenty-
five a priori models representing different combinations of the 21 habitat variables were 
built in total: a global model, null model, 4 applied management models, 7 patch and 
landscape metric models, and 12 models examining 3 possible modes of influence (i.e., 
foraging, cover, human avoidance) on white-tailed deer site use.  Applied management 
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models were a combination of variables considered easily measured for habitat 
management purposes.   
I assessed the influence of habitat on white-tailed deer site use according to a 
paired case-control design (Hosmer and Lemeshow 2000, Keating and Cherry 2004).  I 
fit models with a SAS macro implementing the PROC MDC procedure using a paired 
(case-control) logistic regression compensating for repeated measures (Lesmeister et al. 
2008).   I considered models with <2 ∆AICc within the most-parsimonious model set 
(hereafter, model set) to be competing models with almost equal support (Burnham and 
Anderson 2002).  I estimated the relative importance of covariates from models by 
summing ωi from all models where the covariate occurred (Burnham and Anderson 
2002).  I calculated odds ratios and associated confidence intervals for all parameter 
estimates in the model set (Hosmer and Lemeshow 2000). 
A priori analyses lead to several similarly parsimonious models, thus an a 
posteriori analysis was conducted to determine the most influential variables from the 
most-parsimonious models.  I began with a model that included all variables within 
models that were <2 ∆AICc.  I conducted a reverse step-wise approach by removing the 
variable that reduced AICc the most when it was removed and repeated the process until 
the AICc value was minimized, creating an AIC-reduced model.  
 
RESULTS 
 I measured habitat variables at 1,792 paired locations  used by 49 white-tailed 
deer (15 M, 34 F;  = 28.0±0.8 locations per deer) during 15 May to 15 September, 
2007-09.  Most actual deer locations were in forest landcover (males 62%, females 76%) 
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(Figure 4.1).  Water landcover accounted for ≤1% of male and female actual locations.  
Males were never observed in developed landcover.  Females used sites (approaching 
significant) with 131% more developed landcover than males (Table 4.3).  Females also 
used sites with 87% higher patch density of wetland landcover (wetland_pd) than males 
(Table 4.3).   
My data supported the microhabitat, applied management, foraging, and cover 
model sets influence on site use (Table 4.4).  The most supported model was the applied 
management model (model 25, Table 4.4). Based on importance values, the 5 most 
influential covariates in the top a priori models were upper visual obstruction 
(obstruction_upper), percentage of shrubs (shrub), percentage of fallow field landcover 
(fallow field_pland), number of trees (tree_count), and percentage of forbs (forb).  
 The a posteriori analysis resulted in a more-supported model than a priori models 
(AICc = 2368.05 versus 2376.08 for a priori models; Table 4.4).  The 5 parameters in the 
AIC-minimized model were patch density of agriculture landcover (agriculture_pd), 
percentage of fallow field landcover, disjunct core area of the landscape 
(landscape_dcad), upper visual obstruction, and percentage of shrubs (Table 4.5), all of 
which were in the top a priori models.  Increases in the parameters of upper visual 
obstruction and percent of shrub increased the likelihood of a site being used (Table 4.5).  
Decreases in patch density of agriculture landcover, percentage of fallow field landcover, 
and disjunct core area of the landscape increased the likelihood of a site being used 
(Table 4.5).   
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DISCUSSION 
Support for either FSH and RSH was lacking for the current study.  Sites used by 
males did not have any habitat variable in greater amounts than female sites, resulting in 
no support for either FSH or RSH.  However, females used sites with a greater 
percentage of developed landcover (approaching significance) and patch density of 
wetland landcover as compared to males.  Within the study area, developed landcover 
was dominated by homesteads and recreational property, such as campgrounds.  
Developed areas (e.g., campgrounds, homesteads) are frequently mowed and provide a 
continual supply of new forage similar to that of suburban landscapes known to be 
excellent habitat for white-tailed deer (Swihart et al. 1995, Etter et al. 2002).  
Additionally, developed areas were often bordered by forest landcover providing thick 
upper visual cover and edge habitat.  Developed areas were often situated near Lake 
Shelbyville or riparian areas where wetland landcover was located.  Wetland landcover 
occasionally flooded but was devoid of surface water for the majority of the summer, 
creating potential cover for dams and their fawns.  Use of sites by females with greater 
patch density of wetlands could support the RSH, but use of sites by females with greater 
percentage of developed landcover than males could support FSH.  However, actual 
segregation influenced by developed and wetland landcover may be limited in biological 
significance as these landcovers were of low availability (≤5.0 %, see Study Area 
description) within the study area.  Furthermore, female use of sites with greater 
developed landcover may be a just result of males selecting against these sites to avoid 
human disturbance (Nixon et al. 1991).  While examining habitat selection in South 
Dakota, DePerno et al. (2003) examined sexual selection during summer and rejected the 
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RSH.  Conversely, a meta-analysis of habitat forage quantity, quality, and diet of north 
temperate ruminants reported poor support for the FSH (Main 2008).  Presence of sexual 
segregation between male and female deer during summer in east-central Illinois was not 
supported based on similarity of habitat variables at used sites.   
As a caveat, inferences of macrohabitat variables must be taken with caution as 
random and actual deer locations had small separation distance.  Summer-site use of 
white-tailed deer by both sexes was most influenced by a combination of microhabitat 
and macrohabitat variables.  Fallow field landcover was dominated by pastures housing 
domestic livestock (e.g., cow, Bos primigenius; horses, Equus ferus caballus), which may 
have decreased site use due to livestock avoidance (Kramer 1973, Cohen et al. 1989).  
Cover is clearly important to white-tailed deer, given that site use increased as upper 
visual obstruction and percentage of shrub increased.  Sites with dense understory 
provide concealment for white-tailed deer at bedsites (Mysterud and Østbye 1999) and 
likely facilitate movement within the study area.  Use of sites by deer with decreased 
agriculture patch density indicates site use near singular agricultural fields.  Use of sites 
by deer with decreased landscape disjunct core area indicates use of sites with smaller 
patches.  Forage and cover resources for white-tailed deer are most plentiful during 
summer (Nixon et al. 1991).  Sites that provide plentiful forage and cover resources may 
not necessitate the need for seeking large or variety of agricultural patches, such that a 
singular field that presumably provides adequate forage near cover (i.e., upper visual 
obstruction, percent shrubs) may decrease the need to seek other sites.  Examining 
landscape configuration influences on female home range, Walter et al. (2009) reported 
that during summer (i.e., growing season), deer inhabit small patches of landcover with 
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patches of similar landcover close together, perhaps due to ample forage production 
during summer (Beier and McCullough 1990; Nixon et al. 1991; Brinkman et al. 2005).   
Private landowners wishing to improve white-tailed deer habitat on their property 
can use these findings to focus management.  During the summer, forage and bedding 
habitat for white-tailed deer may be perceived plentiful (Beier and McCullough 1990); 
regardless, females may utilize sites differently than males.  Females used (approaching 
significance) sites with increased percentage of landscape of developed landcover and 
patch density of wetland landcover, suggesting use of sites with continual forage near 
concealment cover. Increasing the patch density of wetland landcover may not be a viable 
option for managers, thus using landcover with similarities (e.g., hay-field) may be more 
useful.  Increasing the number and variety (e.g., wetland and forest landcover) of 
potential bedsites near ample forage should provide habitat for females and fawns.  
Furthermore, providing ample forage near several potential fawn bedsites may decrease 
the movement of the dam, thereby potentially reducing energy expenditures of the female 
and exposure of the fawn to predators.   
Overall, providing several smaller patches of optimal landcover rather than 
providing large patches may increase use of sites by both sexes of white-tailed deer 
during summer.  These smaller patches should include concealment cover (e.g., hay-
fields; orchard grass; Dactylis glomerata) in close proximity to areas of continual forage 
(e.g., rye, Secale cereal; wheat, Triticum aestivum).  A variety of forage sources could be 
used to increase utilization of sites by white-tailed deer during summer, such as the 
Conservation Practice-12 (i.e., food-plots) of the Conservation Reserve Program (Farm 
Service Agency [FSA] 2010).  However, what may be more important is continual 
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maintenance of the forage source (e.g., via mowing, fertilization), similar to closely-
cropped grasslands associated with developed landcover.  Lastly, application of continual 
maintenance to forage in combination with cover located in small patches may increase 
utilization of sites and simulate the intended effect that lure crops are thought to have on 
decreasing row-crop depredation (Witmer and DeCalesta 1992).    
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Table 4.1.  Variables considered for model analysis to fit summer site-use models of white-tailed deer (Odocoileus virginianus) in 
east-central Illinois, USA, 2006-09.  Descriptions modified from McGarigal and Marks (1995). 
 
Metric Variable (units) Description 
Macrohabitata   
Area/Density Agriculture_pd (number per 100 ha) b Number of agriculture patches divided by total 
landscape area  
 Agriculture_pland (%)b Sum of the agriculture area divided by the total 
landscape area 
 Developed_pd (number per 100 ha)b Number of developed patches divided by total landscape 
area  
 Developed_pland (%)b Sum of the developed area divided by the total 
landscape area 
 Fallow field_pland (%)b Sum of the field area divided by the total landscape area 
 Wetland_pd (number per 100 ha)b Number of wetland patches divided by total landscape 
area  
 Wetland_pland (%)b Sum of the wetland area divided by the total landscape 
area 
  Water_pd (number per 100 ha)b Number of water patches divided by total landscape area  
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Table 4.1. Continued. 
Metric Variable (units) Description 
   
  Water_pland (%)b Sum of the water area divided by the total landscape 
area 
Contagion/Interspersion Landscape_iji (%)c The observed interspersion over the maximum possible 
interspersion for the given number of patch types 
Core area Forest_cpland (%)b The sum of the core areas of each patch of the forest 
class type, divided by total landscape area 
 Landscape_dcad (number per 100 
ha)c 
The sum of number of disjunct core areas contained 
within each patch, divided by total landscape area 
Isolation/Proximity Forest_enn (m)b Mean distance to the nearest neighboring patch of the 
forest type, based on shortest edge-to-edge distance 
 Landscape_enn (m)c Mean distance to the nearest neighboring patch of the 
same type, based on shortest edge-to-edge distance 
Shape Agriculture_shape (none)b Mean agriculture patch perimeter divided by the 
minimum perimeter possible for a maximally compact 
patch of the agriculture patch area 
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Table 4.1. Continued. 
Metric Variable (units) Description 
 Fallow field_shape (none)b Mean field patch perimeter divided by the 
minimum perimeter possible for a maximally 
compact patch of the forest patch area 
 Landscape_shape (none)c Mean of all patch perimeters divided by the 
minimum perimeter possible for a maximally 
compact landscape patch area 
Microhabitatd 
  
 
Forb (%)b Mean percent of forbs observed  
 
Obstruct_upper (%)b Mean percent of upper visual obstruction 
 
Shrub (%)b Mean percent of shrubs  
  Tree_count (number of trees per 314 m2)b Number of trees within a 314-m2 circular plot 
aMeasured remotely by buffering actual/random deer locations with a circular plot using a radius = 100m 
bLandcover class variable 
cLandscape variable 
dMeasured at actual/random deer locations using a 314-m2 circular plot 
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Table 4.2.  A priori models used to evaluate microhabitat effects on white-tailed deer (Odocoileus virginianus) summer site used in 
east-central Illinois, USA, 2006-09. See Table 4.1 for measured parameter descriptions. 
 
Model 
Number K Model Type Parameters 
    
1 22 Global Agriculture_pd + Agriculture_pland + Agriculture_shape + Developed_pd + 
Developed_pland + Field_pland + Field_shape + Forb + Forest_cpland + 
Forest_enn + Landscape_dcad + Landscape_enn + Landscape_iji + 
Landscape_shape + Wetland_pd + Wetland_pland + Obstruction_upper + 
Shrub + Tree_count + Water_pd + Water_pland 
2 1 Null  
3 5 Microhabitat Forb + Obstruction_upper + Shrub + Tree_count 
4 18 Macrohabtiat Agriculture_pd + Agriculture_pland + Agriculture_shape + Developed_pd + 
Developed_pland + Field_pland + Field_shape + Forest_cpland + Forest_enn 
+ Landscape_dcad + Landscape_enn + Landscape_iji + Landscape_shape + 
Wetland_pd + Wetland_pland + Water_pd + Water_pland 
5 9 Area/Densitya Agriculture_pd + Agriculture_pland + Developed_pd + Developed_pland + 
Field_pland + Wetland_pd + Wetland_pland + Water_pd + Water_pland 
6 4 Shapea Agriculture_shape + Field_shape + Landscape_shape 
7 3 Core Areaa Forest_cpland + Landscape_dcad 
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Table 4.2.  Continued 
Model 
Number K Model Type Parameters 
    
8 3 Isolationa Forest_enn + Landscape_enn 
9 2 Interspersiona Landscape_iji 
10 13 Foraging Agriculture_pd + Agriculture_pland + Agriculture_shape + Field_pland + 
Field_shape + Forb + Forest_cpland + Forest_enn + Landscape_iji + 
Obstruction_upper + Shrub + Tree_count 
11 7  Forb + Forest_cpland + Forest_enn + Obstruction_upper + Shrub + 
Tree_count 
12 10  Agriculture_pd + Agriculture_pland + Agriculture_shape + Field_pland + 
Field_shape + Forb + Landscape_iji + Obstruction_upper + Shrub 
13 10  Agriculture_pd + Agriculture_pland + Agriculture_shape + Field_pland + 
Field_shape + Landscape_iji + Obstruction_upper + Shrub + Tree_count 
14 12 Cover Agriculture_pland + Agriculture_shape + Field_pland + Field_shape + 
Forest_cpland + Forest_enn + Landscape_dcad + Landscape_enn + 
Obstruction_upper + Shrub + Tree_count 
15 6   Forest_cpland + Forest_enn + Obstruction_upper + Shrub + Tree_count 
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Table 4.2.  Continued. 
Model 
Number K Model Type Parameters 
    
16 5  Agriculture_pland + Agriculture_shape + Field_pland + Field_shape 
17 3  Landscape_dcad + Landscape_enn 
18 7 Human Avoidance Developed_pd + Developed_pland + Wetland_pd + Wetland_pland + 
Water_pd + Water_pland 
19 3  Developed_pd + Developed_pland 
20 3  Wetland_pd + Wetland_pland 
21 3  Water_pd + Water_pland 
22 17 Applied Management  Agriculture_pd + Agriculture_pland + Developed_pd + Developed_pland + 
Field_pland + Forb + Forest_enn + Landscape_enn + Landscape_iji + 
Wetland_pd + Wetland_pland + Obstruction_upper + Shrub + Tree_count + 
Water_pd + Water_pland 
23 5  Agriculture_pd + Developed_pd + Wetland_pd + Water_pd 
24 6   Agriculture_pland + Developed_pland + Field_pland + Wetland_pd + 
Water_pd 
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Table. 4.2.  Continued. 
 
Model 
Number K Model Type Parameters 
    
25 8   
Agriculture_pland + Developed_pland + Field_pland + Forb + 
Obstruction_upper + Shrub + Tree_count 
aFRAGSTATS metric 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 109 
 
Table 4.3. Mean ( ) and standard error (SE) of males, females, and random sites and results of repeated-measures ANOVA utilizing 
PROC MIXED within SAS comparing male and female sites used in summer by white-tailed deer (Odocoileus virginianus) in east-
central Illinois, USA, 2006-09.  See Table 4.1 for measured parameter descriptions. 
 
  Male   Female      Random 
Variable   SE     SE F-value Pr > F   SE 
Macrohabitat 
         
Agriculture_pd 39.27 20.16 
 
60.36 15.31 1.01 0.314 59.09  3.89 
Agriculture_pland 11.20   3.47 
 
11.75  2.79 0.03 0.868 11.39  2.56 
Agriculture_shape   0.61   0.11 
 
 0.66  0.10 0.34 0.557   0.65  0.10 
Developed_pd 11.80   2.67 
 
14.03  1.88 0.55 0.460 13.32  1.63 
Developed_pland   1.81  1.10 
 
 4.18  0.78 3.66  0.056a   3.52  0.68 
Fallow field_pland   9.93  1.59 
 
 7.56  1.15 1.82 0.177   9.13  1.10 
Fallow field_shape   0.79  0.08 
 
 0.70  0.06 1.02 0.312   0.73  0.05 
Forest_cpland 17.75  1.74   17.03  1.32 0.16 0.691 16.96  1.19 
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Table 4.3.  Continued. 
  Male   Female      Random 
Variable   SE     SE F-value Pr > F   SE 
Forest_enn 14.46  0.68 
 
13.99  0.44 0.36 0.547 13.90  0.34 
Landscape_dcad 92.36  7.21 
 
90.64  5.88 0.07 0.798 96.13  1.15 
Landscape_enn 16.86  0.54 
 
16.20  0.34 1.06 0.303 15.92  0.30 
Landscape_iji 39.05  5.19 
 
42.92  4.10 0.57 0.449 41.68  3.80 
Landscape_shape  1.42  0.02 
 
 1.44  0.01 1.54 0.214  1.43  0.01 
Wetland_pd 11.51  4.67 
 
21.55  3.65 4.66  0.031b 19.83  0.82 
Wetland_pland  4.69  1.55 
 
 4.69  1.16 0.00 0.996  4.71  1.04 
Water_pd  9.40  2.73 
 
10.54  1.95 0.14 0.706 10.66  1.75 
Water_pland  2.05  0.89    2.72  0.62 0.44 0.505  2.20  0.51 
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Table 4.3.  Continued. 
  Male   Female      Random 
Variable   SE     SE F-value Pr > F   SE 
Microhabitat 
         
Forb 21.36  1.74 
 
24.13  1.14 1.88 0.171 24.07  1.00 
Obstruction_upper 50.38  3.00 
 
51.35  2.06 0.08 0.779 46.74  1.70 
Shrub 12.34  1.08 
 
13.28  0.71 0.55 0.457 11.95  0.66 
Tree_count 12.12  1.18   12.89  0.82 0.33 0.567 12.34  0.74 
aApproaching significance 
bSignificant 
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Table 4.4.  Ranking of top (<2 ∆AICc) a priori, global, and null models relating habitat 
covariates to white-tailed deer (Odocoileus virginianus) summer site use in east-central 
Illinois, USA, 2006-09. Columns include the number of variables (K), Akaike’s 
Information Criterion adjusted for small sample sizes (AICc), distance from lowest AICc 
(∆AICc), and Akaike model weight (ωi). See Table 4.1 for measured parameter 
descriptions. 
 
Model AICc ∆AICc K ωia 
25 2376.080  0.000  8 0.306 
12 2377.140  1.057 10 0.180 
14 2377.170  1.084 12 0.178 
 3 2378.030  1.951  5 0.115 
 1 2383.570  7.484 22 0.007 
 2 2398.000 21.919  1 0.000 
aCalculated with all 25 models. 
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Table 4.5.  Parameter estimates, unconditional standard errors (SEs), odds ratios, and 
odds ratio 95% confidence intervals (CIs) for site use of white-tailed deer (Odocoileus 
virginianus) during summer for an Akaike’s information criterion–minimized model in 
east-central Illinois, USA, 2006-09.  See Table 4.1 for parameter descriptions. 
 
 Parameter Estimate SE Odds ratio Lower CI Upper CI 
Agriculture_pd -0.001 0.001 0.999 0.998 1.000 
Fallow field_pland -0.013 0.006 0.987 0.976 0.999 
Landscape_dcad -0.002 0.001 0.998 0.996 1.001 
Obstruction_upper 0.006 0.001 1.006 1.004 1.009 
Shrub 0.006 0.003 1.006 1.000 1.011 
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Figure 4.1.  Histogram of actual and random white-tailed deer (Odocoileus virginianus) locations by sex located within a landcover 
type in east-central Illinois, 2006-09. 
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CHAPTER 5: SUMMARY 
 
 Short of waterfowl, white-tailed deer are the most managed game species in the 
United States and are a “poster child” for the success of the North American Model of 
Conservation.  Deer are considered a generalist species, inhabiting all of the lower 48 
states of the U.S.  The pursuit of deer in North America dates back to subsistence hunting 
by Native Americans.  Currently, deer are pursued by hunters for subsistence but mostly 
for recreation (Halls et al. 1984).  The number of deer within North America has grown 
to the point that they have breached cultural carrying capacity in some parts of the U.S. 
(McShea et al. 1997).  However, the importance of deer has grown far beyond hunting 
and recreation, with numerous stakeholders (e.g., non-hunting landowners) voicing 
opinions on management of the species (Decker and Chase 1997).  Thus, updating 
knowledge of deer ecology is beneficial for tweaking management strategies and to 
validate management practices.  Furthermore, the finding of CWD within Illinois has 
elevated the need for updated knowledge of the life histories of deer. 
The agricultural Midwest provides nearly unlimited resources during the growing 
season for deer but the intensively-farmed landscape of east-central Illinois creates a 
seasonal loss of potential cover and foraging locations that affects deer distribution 
(VerCauteren and Hygnstrom 1998) and concentrates deer into woody cover (i.e., 
riparian and woodlot habitats) during fall and winter (Nixon et al. 1988).  Certain patches 
of cover become seasonally void deer due to factors such as hunting pressure or lack of 
forage.  In addition to hunter influences (Root et al. 1988), loss of row crop habitat 
(Vercauteren and Hygnstrom 1998) can force deer to increase home-range area or 
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dispersal distances in search of suitable habitat, thereby decreasing survival (Rosenberry 
et al. 1999, Nixon et al. 2001).  My goal in this dissertation was to provide information 
on deer ecology that could focus management and provide a broader understanding of the 
species in the agricultural Midwest. 
In chapter 1, I examined the influences of personal and external variables on 
hunter efficiency and hunter success, and that of weather and row-crop harvest on daily 
harvest of white-tailed deer by archery of individual deer hunters.  I conducted hunter 
surveys in 2 regions of Illinois composed of different land cover, human densities, and 
reported use of private property.  Hunter age did not appear to have a relationship with 
hunter success or hunter efficiency.  Overall, hunters that spent more time afield took part 
in more weapons-specific seasons and put more effort into preparing for the hunting 
season.  Hunters spending the most time afield were the least efficient, yet the most 
successful.  Southern Illinois has more suitable habitat for white-tailed deer during the 
hunting season (examining data from INRGDC [2007]), thus based on the amount of 
habitat southern Illinois has the capability of having a greater number of deer.  Because 
individual hunter efficiency and hunter success did not differ between regions, a similar 
number of hunters within both regions would likely have more of an impact on the 
population of deer in east-central Illinois.  Hunting is the top mortality source of deer in 
Illinois, but annual survival for males and females are higher than most previous reports 
for huntable populations in the Midwest.  Further work is needed to examine the number 
of archery hunters (i.e., hunter density within deer habitat) within southern and east-
central Illinois and potential impact on the corresponding deer herd.   
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In chapter 2, I estimated white-tailed deer densities using direct (i.e., spotlighting 
deer from road transects) and indirect (i.e., counting pellet groups on randomly-placed 
transects) techniques across 3 study areas in the midwestern U.S.  Roads are discouraged 
when using distance sampling.  A greater understanding of the influence of roads on deer 
behavior is needed to determine in which landscapes deer may be attracted to, or repelled 
by, roads.  Further examination into telemetry data acquired for chapter 3 may provide 
insight into behavior of deer near roads. Consistent results were observed between 
indirect- and direct-distance sampling techniques for estimating deer density in 
agricultural landscapes.  However, direct observation using roads appears positively 
biased in forest-dominated landscapes.  The Tennessee Wildlife Resources Agency has 
observed similar results, in that direct-distance sampling performs better in more open 
areas (e.g., agricultural fields) than in forested landscapes (Daryl Ratajczak, TWRA, 
personal communication).  The similarities of density estimates of deer from direct-
distance sampling between east-central and southern Illinois provide further initiative to 
examine differences in hunter densities within these regions, as hunters may be focusing 
days afield on a smaller land area within east-central Illinois.   
The objective of chapter 3 was to quantify sex, age, and season-specific survival 
and dispersal rates of white-tailed deer in east-central Illinois.  The annual survival rates I 
observed are likely indicative of a stable number of deer within the east-central Illinois 
population.  The relatively high dispersal rate of juveniles in east-central Illinois (as 
compared to forest-dominated landscape) further limits the number of deer within the 
highly hunted population of the region.  As aforementioned, hunting is the top mortality 
source in the region, thus management seems to rest solely on adjustments to hunting 
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seasons or permits.  The majority of deer harvest using archery equipment occurs before 
the first firearm season. 
In chapter 4, I assessed habitat use of white-tailed deer during the summer months 
in east-central Illinois with the objectives of examining potential differences in summer-
site use by sex and at multiple scales.  The RSH and FSH of sexual segregation were not 
supported in the current study.  Females used sites with increased percentage of 
landscape of developed landcover and patch density of wetland landcover compared to 
males.  Overall likelihood of a site being used by either sex increased with an increase in 
upper visual obstruction and percent of shrub.  However, site use decreased with an 
increase in patch density of agriculture landcover, percentage of fallow field landcover, 
and disjunct core area of the landscape.  The management recommendations of chapter 4 
are a method for stakeholders (e.g., private landowners) to provide management to the 
deer herd in agriculturally dominated regions outside the hunting season, namely to  
provide several smaller patches of optimal landcover (e.g., forage or concealment cover) 
and increase use of sites by both sexes of white-tailed deer during summer.  Furthermore, 
multiple sources of concealment cover in proximity to areas of continual forage may 
support dam and fawn.  Additionally, crop depredation by deer in agricultural landscape 
can be problematic; providing continual maintenance of the forage source coupled with 
concealment cover in small patches may increase utilization of sites, thereby simulating 
the intended effect of lure crops.   
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Appendix A.  Cover letter and hunter survey used to examine white-tailed deer 
(Odocoileus virginianus) harvest intensity and efficiency in east-central and southern 
Illinois, 2006.  
 
Dear Illinois Deer Hunter: 
 
White-tailed deer are very important in Illinois for several reasons.  Deer provide benefits 
to hunters, deer-watchers, and those who enjoy economic benefits from deer-related 
activities.  Although Illinois’s deer harvest has steadily increased since 1957, several 
counties have seen regulations put in place to limit harvest.  Wildlife biologists examine 
the effects and perhaps the need for such regulations.  Some of the best data comes from 
deer hunters themselves; this is where you come in. 
 
You have been chosen to participate in a survey, conducted by the Cooperative Wildlife 
Research Laboratory at Southern Illinois University Carbondale, because of your 
involvement in deer hunting in east-central and/or southern Illinois.  This is a chance for 
you to help us examine deer harvest intensity and efficiency in Illinois; also, the potential 
impact of harvest regulations on harvest intensity and efficiency.  This survey will take 
less than 10 minutes to complete and your responses will be completely confidential.  
The survey and return envelope have an identification number on them.  This is for 
mailing purposes only and allows us to check off of the mailing list when your survey is 
returned.  The results of the survey will be summarized in a report given to the Illinois 
Department of Natural Resources; once again names and address will not be reported.   
 
Completion and return of this survey indicate voluntary consent to participate in this 
study.  Although, this survey is voluntary I would like to stress the importance of your 
responses in obtaining results that represent all deer hunters.  My advisor, Dr. Clay 
Nielsen, or I would gladly answer any question you might have at 1-866-401-5673 (Toll 
Free).  
 
Sincerely, 
 
 
 
Charles Anderson 
Graduate Research Assistant 
Cooperative Wildlife Research Laboratory 
Toll-free: 1-866-401-5673 
charles1@siu.edu  
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Deer Harvest Intensity and Efficiency in East-central and Southern Illinois 
A Survey of Deer Hunters 
 
 
 
 
YOUR RESPONSES ARE CONFIDENTIAL 
THANK YOU FOR YOUR COOPERATION 
Postage-paid return envelope provided 
______________________________________________________________ 
Cooperative Wildlife Research Laboratory 
And 
Department of Zoology 
Southern Illinois University 
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1. Did you harvest any deer in Illinois this past season (2006)?      Yes No 
2. Even if you did not harvest a deer, please list Illinois counties that you deer 
 hunted in and the approximate number of days hunted in each county this past 
 Illinois deer season (2006). 
  
 
 
 
 
3. Even if you did not harvest a deer, please list the approximate number of days  
 hunted on public and private land for the separate seasons during the past Illinois 
 deer season (2006). 
  
4. Please circle the years that you have hunted your most commonly used deer  
  
 hunting land in Illinois. 
 
 1) 1-2 years   2) 3-4 years  3) 5-6 years  4) 7-8 years  5) 9-10 years  6)  11+ years  
 
County Number of Days 
       
1)  
2)  
3)  
4)  
Type of Season Number of Days 
Private                                Public 
Archery   
Shotgun   
Muzzleloader Only   
Late Season Firearm   
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5.   If you have harvested a deer during this past Illinois deer season (2006), please  
 
 record the deer age (fawn or adult), date of harvest, sex (male or  
 
 female), time of harvest, and weapon (Archery, Shotgun, Muzzleloader, or  
 
 Handgun) used.  If more space is needed write below table. 
 
 
 
Deer 
 
Age  
(F, Y, or 
A) 
 
Date 
(Example: 
12/1/2006) 
 
Sex  
(M or 
F) 
 
Time 
(Example: 1:00 
PM) 
 
Weapon 
(A, S, M, 
H) 
 
1 
     
 
2 
     
 
3 
 
 
 
 
 
   
 
 
4 
     
 
5 
 
 
 
 
   
 
 
6 
     
 
 
6. Please circle all the weapons that you hunted deer with during the past Illinois  
  
 deer season (2006). 
 
 1) Bow    2) Crossbow    3) Shotgun    4) Muzzleloader    5) Handgun 
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7. Please circle the one weapon of choice that you prefer to hunt deer with. 
 
 1) Bow    2) Crossbow    3) Shotgun    4) Muzzleloader    5) Handgun 
 
 
8. Please list all styles of hunting (Example: tree stand, ground blind, deer drives,  
  
 still hunting, etc.) that you used during this past Illinois deer season (2006). 
 
  
 
 
 
 
 
 
 
  
 
  
 
9. Please circle the one style of hunting in Question 8 that you prefer to hunt deer  
 
 with.  
 
10. Please circle the average number of hours spent hunting deer per day during the  
  
 past Illinois deer archery season (2006). 
 
 1) 0 hours   2) < 2 hours   3) < 4 hours    4) < 6 hours  
 
 5) < 8 hours   6) < 10 hours   7) 10 + hours  
 
11. Please circle the average number of hours spent hunting deer per day during the  
  
 past Illinois deer shotgun season (2006). 
 
 1) 0 hours   2) < 2 hours   3) < 4 hours    4) < 6 hours  
 
 5) < 8 hours   6) < 10 hours   7) 10 + hours  
Style of Hunting 
1) 
2) 
3) 
4) 
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12. Please circle the average number of hours spent hunting deer per day during the  
  
 past Illinois deer muzzleloader-only season (2006). 
 
 1) 0 hours   2) < 2 hours   3) < 4 hours    4) < 6 hours  
 
 5) < 8 hours   6) < 10 hours   7) 10 + hours  
 
13. Please circle the average number of hours spent hunting deer per day during the  
  
 past Illinois deer late firearm season (2006). 
 
 11) 0 hours   2) < 2 hours   3) < 4 hours    4) < 6 hours  
 
 5) < 8 hours   6) < 10 hours   7) 10 + hours  
 
14. Please circle the hours spent scouting deer for the past Illinois deer season (2006). 
 
 1) 0 hours   2) 1-5 hours   3)5-10 hours   4) 10-15 hours   5) 15-20 hours  
 
 6) 20-25 hours   7) 25-30 hours   8) 30-35 hours   9) 35-40 hours   10) 40+ hours  
 
15. Please check the following items you had access to and/or used during the past  
  
 Illinois deer season (2006). 
   
        Had Access To  Used  
 1) Topographic Maps             ______             _____ 
 
 2) Aerial/Satellite Photographs            ______             _____ 
 
 3) Geographic Information Systems (GIS)                      ______             _____ 
 
 4) Geographic Positioning System (GPS)                        ______             _____ 
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Appendix B.  Composite and seasonal fixed-kernel home ranges (95% isopleth) and core 
areas (50% isopleth) of individual white-tailed deer (Odocoileus virginianus) in east-
central Illinois, 2006-2009.  
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
2 F A CA 441 Composite  13.9 
    
83 Fall/winter   9.0 
    
176 Summer  13.2 
    
182 Winter/spring  15.9 
2 F A HR 441 Composite  56.4 
    
83 Fall/winter  38.7 
    
176 Summer  56.0 
    
182 Winter/spring  59.9 
3 F A CA 154 Composite   8.9 
    
32 Fall/winter   6.4 
    
85 Summer   7.1 
    
37 Winter/spring  18.9 
3 F A HR 154 Composite  47.4 
    
32 Fall/winter  28.9 
    
85 Summer  29.5 
    
37 Winter/spring  78.1 
5 F Y CA 5,912 Composite  25.6 
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Appendix B. Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
1,620 Fall/winter  20.8 
    
1,135 Summer   4.5 
    
3,157 Winter/spring  36.4 
5 F Y HR 5,912 Composite 125.3 
    
1,620 Fall/winter  80.6 
    
1,135 Summer  20.3 
    
3,157 Winter/spring 162.0 
6 F A CA 178 Composite   9.3 
    
48 Fall/winter   9.5 
    
86 Summer   4.2 
    
44 Winter/spring  13.4 
6 F A HR 178 Composite  55.8 
    
48 Fall/winter  49.8 
    
86 Summer  24.7 
    
44 Winter/spring  59.4 
7 M F CA 169 Composite   8.7 
    
82 Summer   8.1 
    
61 Winter/spring  68.6 
7 M F HR 169 Composite  41.9 
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Appendix B. Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
82 Summer  35.4 
    
61 Winter/spring 305.6 
8 M F CA 57 Composite  16.2 
    
36 Winter/spring  15.6 
8 M F HR 57 Composite  76.6 
    
36 Winter/spring  58.4 
10 F F CA 28 Composite  13.7 
10 F F HR 28 Composite  51.3 
12 M F CA 127 Composite  12.1 
    
85 Summer  10.9 
    
37 Winter/spring  14.2 
12 M F HR 127 Composite  52.6 
    
85 Summer  56.2 
    
37 Winter/spring  63.5 
14 F Y CA 5,419 Composite   7.7 
    
897 Fall/winter   6.6 
    
1,825 Summer   2.4 
    
2,697 Winter/spring  12.9 
14 F Y HR 5,419 Composite  50.9 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
897 Fall/winter  30.1 
    
1,825 Summer  14.2 
    
2,697 Winter/spring  52.9 
15 F Y CA 5,777 Composite  11.0 
    
889 Fall/winter   8.8 
    
1,759 Summer   6.6 
    
3,129 Winter/spring  12.2 
15 F Y HR 5,777 Composite  60.9 
    
889 Fall/winter  46.4 
    
1,759 Summer  32.1 
    
3,129 Winter/spring  58.3 
16 M F CA 34 Composite  63.4 
16 M F HR 34 Composite 296.4 
17 F Y CA 6,219 Composite  21.3 
    
898 Fall/winter  10.0 
    
1,806 Summer   5.9 
    
3,515 Winter/spring  10.5 
17 F Y HR 6,219 Composite  98.2 
        898 Fall/winter  59.8 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
        1,806 Summer  33.5 
    
3,515 Winter/spring  47.9 
18 M Y CA 79 Composite  52.3 
18 M Y HR 79 Composite 311.8 
19 M F CA 121 Composite  15.7 
    
85 Summer  14.2 
    
30 Winter/spring  15.0 
19 M F HR 121 Composite  91.1 
    
85 Summer  60.8 
    
30 Winter/spring  89.2 
23 M F CA 45 Composite  10.8 
23 M F HR 45 Composite  41.3 
25 F Y CA 6,514 Composite   9.0 
    
901 Fall/winter   5.0 
    
1,992 Summer  10.0 
    
3,621 Winter/spring  11.3 
25 F Y HR 6,514 Composite  31.8 
    
901 Fall/winter  19.2 
        1,992 Summer  41.3 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
3,621 Winter/spring  43.7 
26 M F CA 90 Composite  20.7 
26 M F HR 90 Composite  78.8 
28 M F CA 93 Composite  25.5 
    
71 Summer  19.2 
28 M F HR 93 Composite 128.6 
    
71 Summer  81.5 
32 M A CA 80 Composite  41.0 
32 M A HR 80 Composite 295.4 
33 F A CA 99 Composite  37.5 
    
37 Winter/spring  60.9 
33 F A HR 99 Composite 244.2 
    
37 Winter/spring 329.0 
34 M F CA 80 Composite  74.1 
    
25 Winter/spring   8.8 
34 M F HR 80 Composite 338.7 
    
25 Winter/spring  44.4 
35 M F CA 31 Composite  33.9 
35 M F HR 31 Composite 129.4 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
36 F A CA 6,134 Composite   7.9 
    
884 Fall/winter   9.2 
    
1,822 Summer   6.3 
    
3,428 Winter/spring  20.7 
36 F A HR 6,134 Composite  53.5 
    
884 Fall/winter  40.1 
    
1,822 Summer  25.2 
    
3,428 Winter/spring 104.1 
39 M Y CA 147 Composite  10.1 
    
108 Winter/spring   7.3 
39 M Y HR 147 Composite  52.6 
    
108 Winter/spring  34.0 
40 F F CA 103 Composite  20.0 
    
39 Winter/spring  20.0 
40 F F HR 103 Composite  91.6 
    
39 Winter/spring  87.5 
41 M F CA 53 Composite 144.5 
41 M F HR 53 Composite 701.5 
42 M F CA 55 Composite  22.7 
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Appendix B. Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
42 M F HR 55 Composite 101.7 
44 F F CA 90 Composite  10.5 
44 F F HR 90 Composite  53.9 
47 F Y CA 5,760 Composite   7.2 
    
892 Fall/winter   6.7 
    
1,818 Summer   6.6 
    
3,050 Winter/spring  11.4 
47 F Y HR 5,760 Composite  34.3 
    
892 Fall/winter  24.6 
    
1,818 Summer  31.5 
    
3,050 Winter/spring  58.3 
48 F A CA 5,817 Composite  14.0 
    
886 Fall/winter   8.0 
    
1,806 Summer  16.6 
    
3,125 Winter/spring  33.2 
48 F A HR 5,817 Composite  70.5 
    
886 Fall/winter  30.9 
    
1,806 Summer  69.5 
        3,125 Winter/spring 119.8 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
50 F F CA 82 Composite  10.4 
50 F F HR 82 Composite  62.7 
51 M Y CA 67 Composite 101.4 
51 M Y HR 67 Composite 512.6 
52 F Y CA 5,691 Composite   3.9 
    
889 Fall/winter   2.2 
    
1,783 Summer   7.8 
    
3,019 Winter/spring  12.1 
52 F Y HR 5,691 Composite  30.8 
    
889 Fall/winter  10.9 
    
1,783 Summer  38.5 
    
3,019 Winter/spring  56.2 
53 F Y CA 5,592 Composite   8.8 
    
889 Fall/winter  15.6 
    
1,767 Summer  12.8 
    
2,936 Winter/spring  10.2 
53 F Y HR 5,592 Composite  52.7 
    
889 Fall/winter  69.0 
        1,767 Summer  66.1 
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Appendix B.  Continued.   
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
2,936 Winter/spring  52.0 
55 M Y CA 66 Composite  19.6 
55 M Y HR 66 Composite  85.4 
56 F A CA 5,851 Composite  10.7 
    
904 Fall/winter   4.5 
    
1,840 Summer   9.8 
    
3,107 Winter/spring  45.3 
56 F A HR 5,851 Composite  52.7 
    
904 Fall/winter  20.0 
    
1,840 Summer  40.2 
    
3,107 Winter/spring 165.6 
58 F F CA 78 Composite  22.8 
58 F F HR 78 Composite  98.4 
61 F A CA 5,723 Composite  20.0 
    
884 Fall/winter  11.6 
    
1,801 Summer  18.6 
    
3,038 Winter/spring  39.3 
61 F A HR 5,723 Composite  94.3 
        884 Fall/winter  58.4 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
1,801 Summer  86.1 
    
3,038 Winter/spring 208.8 
62 F Y CA 5,774 Composite   7.5 
    
905 Fall/winter  10.6 
    
1,809 Summer   8.6 
    
3,060 Winter/spring  11.9 
62 F Y HR 5,774 Composite  43.7 
    
905 Fall/winter  61.4 
    
1,809 Summer  44.8 
    
3,060 Winter/spring  79.3 
63 M F CA 82 Composite 184.8 
63 M F HR 82 Composite 751.2 
64 F F CA 90 Composite   8.5 
64 F F HR 90 Composite  78.2 
65 M F CA 71 Composite  21.1 
65 M F HR 71 Composite 122.9 
66 M Y CA 79 Composite  43.2 
66 M Y HR 79 Composite 266.1 
67 M Y CA 44 Composite  37.8 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
67 M Y HR 44 Composite 150.9 
68 F A CA 1,885 Composite  19.6 
    
752 Summer   3.0 
68 F A HR 1,885 Composite 137.3 
    
752 Summer  13.4 
73 M F CA 80 Composite 104.9 
73 M F HR 80 Composite 424.7 
74 M Y CA 69 Composite 138.0 
74 M Y HR 69 Composite 587.1 
75 F F CA 70 Composite  13.1 
75 F F HR 70 Composite  67.1 
76 F Y CA 74 Composite  13.8 
76 F Y HR 74 Composite  84.5 
78 M Y CA 60 Composite 124.0 
78 M Y HR 60 Composite 794.8 
79 M F CA 53 Composite  28.0 
79 M F HR 53 Composite 122.7 
80 F A CA 135 Composite  17.7 
        73 Summer  12.6 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
32 Winter/spring  29.6 
80 F A HR 135 Composite  70.8 
    
73 Summer  50.5 
    
32 Winter/spring 146.0 
82 M Y CA 49 Composite  14.7 
    
26 Summer   6.1 
82 M Y HR 49 Composite  73.2 
    
26 Summer  34.2 
83 M F CA 66 Composite 135.6 
83 M F HR 66 Composite 682.9 
86 M Y CA 986 Composite  37.4 
    
217 Summer  15.8 
    
769 Winter/spring  39.5 
86 M Y HR 986 Composite 196.8 
    
217 Summer  72.5 
    
769 Winter/spring 172.5 
88 M Y CA 51 Composite  18.2 
    
25 Summer   8.3 
88 M Y HR 51 Composite  84.0 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
25 Summer  40.2 
89 M F CA 483 Composite  13.0 
    
483 Winter/spring  13.0 
89 M F HR 483 Composite  55.6 
    
483 Winter/spring  55.6 
92 F A CA 121 Composite  13.3 
    
35 Summer  12.3 
    
78 Winter/spring  11.1 
92 F A HR 121 Composite  69.0 
    
35 Summer  58.2 
    
78 Winter/spring  50.0 
93 F F CA 60 Composite  14.4 
    
33 Summer  14.0 
93 F F HR 60 Composite  69.9 
    
33 Summer  52.7 
94 F Y CA 157 Composite   7.1 
    
41 Summer   8.8 
    
108 Winter/spring   6.1 
94 F Y HR 157 Composite  43.9 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
41 Summer  43.2 
    
108 Winter/spring  36.6 
95 F F CA 57 Composite   6.1 
    
38 Summer   5.5 
95 F F HR 57 Composite  27.5 
    
38 Summer  23.2 
98 F F CA 157 Composite   3.4 
    
107 Winter/spring   2.3 
98 F F HR 157 Composite  19.1 
    
107 Winter/spring  12.1 
99 F F CA 137 Composite  16.3 
    
97 Winter/spring  11.4 
99 F F HR 137 Composite  86.6 
    
97 Winter/spring  56.4 
110 F F CA 39 Composite  11.9 
110 F F HR 39 Composite  73.6 
111 F Y CA 5,525 Composite   9.0 
    
897 Fall/winter   6.2 
        1,797 Summer   3.9 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
2,831 Winter/spring   9.7 
111 F Y HR 5,525 Composite  43.1 
    
897 Fall/winter  41.6 
    
1,797 Summer  21.3 
    
2,831 Winter/spring  54.9 
112 M F CA 40 Composite  11.7 
112 M F HR 40 Composite  70.5 
116 M F CA 87 Composite  57.3 
    
56 Winter/spring  35.7 
116 M F HR 87 Composite 289.9 
    
56 Winter/spring 223.1 
118 M Y CA 55 Composite  24.4 
    
29 Summer   7.0 
118 M Y HR 55 Composite 124.3 
    
29 Summer  43.7 
119 F A CA 5,764 Composite  14.1 
    
903 Fall/winter   8.1 
    
1,850 Summer   7.1 
        3,011 Winter/spring  14.3 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
119 F A HR 5,764 Composite  74.4 
    
903 Fall/winter  57.3 
    
1,850 Summer  35.0 
    
3,011 Winter/spring  83.2 
120 F A CA 148 Composite  12.2 
    
40 Summer  11.9 
    
100 Winter/spring  10.6 
120 F A HR 148 Composite  52.2 
    
40 Summer  45.6 
    
100 Winter/spring  50.3 
123 M F CA 34 Composite  30.6 
123 M F HR 34 Composite 129.3 
125 F Y CA 5,188 Composite  13.5 
    
903 Fall/winter   4.6 
    
1,785 Summer   6.0 
    
2,500 Winter/spring  10.5 
125 F Y HR 5,188 Composite  69.1 
    
903 Fall/winter  25.2 
        1,785 Summer  21.5 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
2,500 Winter/spring  54.2 
126 M F CA 38 Composite  16.3 
126 M F HR 38 Composite  79.9 
127 F F CA 80 Composite  45.3 
    
30 Summer  27.3 
    
40 Winter/spring  22.6 
127 F F HR 80 Composite 167.0 
    
30 Summer 101.8 
    
40 Winter/spring  89.2 
128 F Y CA 135 Composite   6.3 
    
37 Summer   4.3 
    
88 Winter/spring   6.5 
128 F Y HR 135 Composite  43.1 
    
37 Summer  22.3 
    
88 Winter/spring  43.4 
129 F F CA 40 Composite  71.1 
    
25 Summer  17.5 
129 F F HR 40 Composite 377.5 
        25 Summer  99.6 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
131 F A CA 73 Composite  31.8 
    
28 Summer  19.0 
    
36 Winter/spring  10.9 
131 F A HR 73 Composite 129.6 
    
28 Summer  79.4 
    
36 Winter/spring  63.1 
133 F A CA 137 Composite   8.0 
    
41 Summer   6.9 
    
88 Winter/spring   4.6 
133 F A HR 137 Composite  36.3 
    
41 Summer  33.0 
    
88 Winter/spring  21.3 
134 F Y CA 132 Composite  16.8 
    
89 Winter/spring  14.4 
134 F Y HR 132 Composite  91.3 
    
89 Winter/spring  73.0 
136 F A CA 5,111 Composite  11.7 
    
886 Fall/winter   5.4 
        1,797 Summer   5.7 
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Appendix B.  Continued. 
 
Deer 
ID Sex Agea 
Home 
range/core 
area 
Number of 
locations Season Area (ha) 
    
2,428 Winter/spring   8.5 
136 F A HR 5,111 Composite  62.3 
    
886 Fall/winter  33.1 
    
1,797 Summer  31.8 
        
2,428 Winter/spring  50.6 
aAge at capture 
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